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In the primarily colonial suborder Aplousobranchia of the class Ascidiacea (subphylum 
Tunicata) 106 species in 20 genera in the known family group taxa Cionidac, Diazonidac, 
Clavelinidae, Holozoidae and Polycitoridae, and the new families Pycnoclavellidae and 
Stomozoidae are now known to occur in Australian waters. Forty-nine species and 5 gencra 
arc also new. Familial and generic (including larval) characters are reviewed and revised; 
and dichotomous kcys are presented for all taxa. 

Most of the families are diverse and well represented in Australia. Their phylogenetic 
relationships and those of some of the genera discussed in this part are obscure. 1n some 
cases (e.g. Sigillina) evidence from larval adhesive organs conflicts with relationships deduced 
from adult morphology. There is, moreover, a degree of parallel evolution and convergence 
in zooid and colony form (apparently directly related to the development of cloacal systems) 
that often obscurcs phylogeny. Even in the one genus, Eudistoma, which is especially well 
represented in Australian waters, there is a range of species that reflect most of the stages 
in the evolution of colonial systems and colony integration, from independently opening 7ooids 
to the presence of cloacal cavities and apertures. The antcrior diversion of the first row of 
stigmata along the mid-dorsal linc in Pyenoclavella and in Eudistoma and other polycitorids 
is another convergent character associated with sizc reduction and simplification of zooids. 
It cannot be regarded as a significant character at higher taxon level, 

However, the position and shape of the stomach and the length of the oesophagus and 
duodenum are newly recogniscd plesiomorphic characters contributing to thc definition of 
a number of gencra, as do the arrangement and course of longitudinal body muscles. The 
site where fertilisation takes place is found to be of significance in defining Pycnoclavellidae 
but is unexpectedly variable in certain genera of the Polycitoridae. 

The geographic affinities of thc majority of known species appear to be with tropical rather 
than subantarctic fauna. Indigenous species are most common in the temperate waters of 
the southern coast of the continent although there are also some tropical species that appear 
to be indigenous. L) /ndo- West Pacific, Ascidiacea, Aplousobranchia, Cionidae, Diazonidae, 
Clavelinidae, Pyenoclavellidae, Holozoidae, Polycitoridae. 

Patricia Kott, Queensland Museum, PO Box 300, South Brisbane, Queensland. 4101, Australia; 
28 June 1989. 


Frontispiece: a juvenile vegetative 7oo1d of the aplousobranch ascidian Sycozoa pulchra, showing the posterior 
gut loop characteristic of the suborder. Branchial tentacles cin be seen just inside the incurrent aperture at 
the top ol the pharynx. Two pairs of rows of stigmata perforate the pharynx. and the bilabiate anus opens 
into the atrial cavity near the rim of the large excurrent aperture. Incipent male follicles ean he seen in the 
gut loop. just behind the oval stomach. 
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The following account (part 2 of a review of the 
Australian ascidians) treats species of the families 
Cionidae Lahille, 1887, Diazonidae Seeliger. 1906, 
Clavelinidae Forbes and Hanlcy, 1848, Holozoi- 
dae Berrill, 1950. Polycitoridae Michaelsen, 1904, 
and the new families Stomozoidae and Pyenoe- 
lavellidae. These families, together with Polycli- 
nidae Milne Edwards, 1842 and Didemnidae 
Giard, 1872 (yet to bc trcated), comprise the 9 
presently recognised familics of the suborder 
Aplousobranehia Lahille, 1887. It is one of the 
two suborders in the order Enterogona, the other 
being the Phlebobranchia, 

The classification and phylogeny of the 
suborders Phlebobranehia and Stolidobranchia 
(the only suhorder of the order Pleurogona) are 
reviewcd and revised in part | of this work (Kott 
1985), whieh also ineludes accounts of the spceies 
of these taxa that occur in Australian walers, 
guides ta their identifieation and a discussion of 
their biogeography. 

In the following aceount of the Aplousobran- 
chia, aspects of larval as well as adult morphology 
have heen invoked to determine phvlogenctic 
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alfinities, Definition of polyphyletie assemblages 
such as the Clavelinidac and Polycitoridae have 
heen adjusted in order to arrive at monophyletic 
groupings wherever possible. 

Aplousobranch families are separated from onc 
another primarily on the basis of their respectivc 
replieativc processes, supported hy aspects of 
colony. zooid and larval morphology. Aecord- 
ingly, the new family. Pycnoclavellidae is erected 
to accommodate genera formerly included in thc 
Clavelinidae. In many taxa the replicative process 
is not known and, as for the new family 
Stomozoidae, it has been dedueed on the basis 
of eolony and adult morphology. Sometimes 
evidence from larvae conflicts with a phylogeny 
based on these deductions. In particular there is 
uncertainty regarding the family affinities of 
Sigillina, Hvpodistoma and Polydistoma n.gen.; 
Sigillina mjobergi, and Cystodytes, Polvcitorella, 
and the new genus Brevicollus. 

As in Part 1, the following account of aplou- 
sobranch lamilies is based on the collections of 
all Australian and some American and European 
museums. It includes many thousands of newly 
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recorded specimens recently collected by the 
author and her colleagues. The general morphol- 
ogy of colony, zooid and, in most cases, the larvae 
have been examined and recorded. The histology 
of these organisms has not been considered in this 
work 

All specimens for which the registration number 
is cited have been examined in connection with 
the present work. Where a colony is registered 
in 2 institutions, the second number (in italics) 
refers to a sample part only 

Abbreviations used to indicate the iustitution 
in which specimens are lodged are as follows: AM, 
Australian Museum, Sydney, New South Wales: 
BM, British Museum (Natural History), London, 
UK; MHN, Muséum Nationale d'Histoire Natu- 
relle, Paris, France; OM. Otago Museum. 
Dunedin, New Zealand; QM, Queensland 
Museum, Brisbane, Queensland; SAM, South 
Australian Museum, Adelaide, South Australia; 
TM, Tasmanian Museum, Hobart, Tasmania: 
MY, Museum of Victoria, Melbourne, Victoria; 
NTM, Northern Territory Museum, Darwin, 
Northern Territory; WAM, Western Australian 
Museum, Perth, Western Australia; USNM, US 
National Museum of Natural History, Smithson- 
ian Institution, Washington DC, USA: ZMA. 
Zoological Museum of Amsterdam, Amsterdam. 
Netherlands; ZMC, Zoological Museum Copen- 
hagen, Copenhagen, Denmark. 
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COLLECTION AND EXAMINATION OF 
APLOUSOBRANCH ASCIDIANS 


Generally species of the suborder Aplousobran- 
chia are more difficult to collect and preserve than 
are phlebobranch or stolidobranch species. There 
are several reasons: 

l. the test that surrounds the zooids, or in which 
they are embedded is relatively soft, and this 
together with the large cloacal spaces (when 
they are present) make colonies vulnerable to 
damage and distortion. 

. Possibly because the test is relatively soft and 
lacks the fibrous. leathery properties of most 
stolidobranch species, it does not usually 
adhere firmly by a small part of the surface, 
or form tough rooting systems. Thus colonies 
are seldom upright and more often they grow 
two-dimensionally, over flat, hard substrates 
to which extensive areas of basal surface or 
extensive stolon systems form such firm 
attachments that colonies are difficult to 
remove. In these cases the colony, lacking other 
skeletal elements, has the advantage of the 
substrate to support it. Exceptions are in genera 
where species are sometimes (Sigillina), or 
always (Srcozoa) stalked. In the latter genus 
the stalk often is long and leathery. 

3, Zooids are invariably small and usually 
muscular. They need careful narcotisation to 
ensure that their structure is not obscured by 
contraction. 

Thus the collection of aplousobranch ascidians 
by dredge results in the sampling of large, firm 
colonies, such as Polycitor giganteus. However the 
great majority of taxa with delicate test, including 
those with separate zooids (Diazonidae, Claveli- 
nidae, Pycnoclavellidae) or taxa with small or flat 
and two dimensional colonies (Endistoma) are not 
adequately sampled. 

On the other hand, although most aplouso- 
branch ascidians occupy cryptic habitats, their 
bright colours (which usually are not hidden by 
the cphiphytes or adhering foreign particles that 
occur in Stolidobranchia) are conspicuous, and 
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have attracted the attention of SCUBA divers. In 
the past twenty years, collections by hand, using 
SCUBA equipment has demonstrated a diversity 
in the Australian aplousobranch fauna that 
formerly was not recognised, 

Where possible, to avoid damage, specimens 
should be removed from the substrate. However, 
occasionally, the whole or part of the substrate 
with its adhering ascidians can be collected. 
Sometimes because of the size of the colony, or 
the strength of its adhesion, it will be possible 
to sample only a part. In this case the size of 
the whole colony and the part of it represented 
by the sample should be recorded. 

As well as physical damage and contraction of 
the specimens the study and identification of 
ascidians is made difficult by the loss and rapid 
oxidation of pigments, following their collection, 
fixation and preservation. Colour notes should be 
made and colour photographs of the living 
specimen (carefully indexed to the specimen) 
should be taken if possible. Notes should also be 
taken on the arrangement of zooids in living 
colonies for in preserved material this also is 
obscured by colour changes, and contraction. 

Since most aplousobranch ascidians generate 
acid on lysis of the test cells (Parry 1984, 1987), 
specimens should be thoroughly washed in 
seawater after removal from the substrate. 

Menthol crystals are an appropriate narcotising 
agent for ascidians. More rapid relaxation is 
achieved by using a very weak solution of MS222 
(Sandoz Ltd.). A few grains of powder in 5ml 
seawater was made up as a stock solution. About 
2 drops of this solution per 100ml of sea water 
was found to relax most species rapidly and 
completely. 

When examining colonies with embedded 
zooids, their morphology, and orientation and 
arrangement in the colony can be observed in thin 
inspection slices or wedges cut through the whole 
radius of a cloacal system or colony lobe, from 
the cloacal aperture or centre of the lobe to the 
outer margin, parallel to the long axis ofthe zooids 
through whole depth of the colony. To examine 
them more closely and for dissection, the zooids 
themselves are often removed more easily from 
these inspection slices than by any other method 
of pulling them from the colony. Very small zooids 
can beexamined and dissected in a drop of glycerol 
on a microscope slide. Sometimes they need to 
be stained before this is done. Most taxa of the 
suborder Aplousobranchia are viviparous and 
embryos are found incubating in the colony. These 
can be examined by staining, clearing and 
mounting whole. 
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Fic [, Ascidian morphology (diagrammatic): A, stalked, 
solitary individual divided into thorax (a-m) and 
abdomen (m-uJ; B. gnt Joop, showing subdivisions. 
associated. organs, descending (proximal) limb (m- 
u) and ascending limb (u-e). Symbols: a, branchial 
aperture; b. atrial aperture; c, neural complex: d. 
branchial tentacles; e, anus; f. rectum; fv, rectal valve; 
p. endostyle: h. stigmatum; i, internal longitudinal 
vessel; j, atrial cavity; k, parietal body wall: I, test: 


ANNOTATED GLOSSARY 


The morphology of aplousobranch ascidians (Figs 
1.2) is discussed, and the terms and conventions 
used in this work are defined below. The 
morphology of the Ascidiacea has been reviewed 
by Berrill (1950). Goodbody (1974) has reviewed 
the physiology and Millar (1971) the biology of 
the group. The annotated glossary in Kott (1985) 
should he used in conjunction with the following 
entries: 


m, oesophageal opening: n, oesophagus: na. prestom- 
ach (found only in some Clavelina spp.) o, vas 
deferens; p, stomach; pa. gastro-intestinal duct: pb. 
gastric vesicle; pe, tubules of gastrointestinal (pyloric) 
gland; q. gastric suture line: r, intestine; rd, duodenal 
region of gut: ri, mid-intestine; rp, posterior stomach: 
s, ovary; t testis; u, pole of the gut loop, v, vascular 
stolon: w, test vessels; x, terminal ampullae. 


adhesive organs: epidermal structures at the 


anterior end of the larval trunk. Larger larvae 
have 3 in a triradial arrangement, hut in the 
small larvae of the Polycitoridae, Polyclinidae, 
and Didemnidae they are in a median vertical 
tow, Occasionally there are only 2 adhesive 
organs (Prenoclavella spp.. Sigillina spp.. 
Euherdmania spp.). ln some Didemnidae (c.g. 
Diplosoma multipapillata Kott, 1980) and 
Polyclinidae (e.g. Aplidium triggiensis Kott, 
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1963; [9761 the presence of more than 3 adhesive 
organs is probably an adaptive response to 
environmental pressures. The most simple 
organs are nun-everting conical ones Tound in 
the small larvae ol Ciona, the Diazonidac, and 
solitary phlebobranch and stolidobranch 
ascidiasns which, with the exception of a few 

Poly, arpa spp. (see Kot! 1985) and some 

Molgula spp.. are all oviparous. With the 

exception of the Diazonidae, colonial species 

of ull suborders have viviparous larvae with 
more complex everting adhesive organs. 

Cloney (1977). in the only study on the fine 
slructure of the adhesive organs of ascidians, 
investigated the adhesive organs ol Distaplia 
occidentalis Bancrolt and Diplosoma macde- 
naldi. They are entirely ectodermal in both 
species, and are essentially the same, consisting 
al an axial cone Irom the centre ol a cup-shaped 
protrusion at the cnd of a stalk. The larval 
haemococlic cavity continues up into the walls 
of the cup separating its outer (marginal) wall 
from the inner (parietal) wall, The cup rim has 
myoepithelial cells (which contract during the 
eversion ol the axial cone) and anchor cells 
which hold the larval test firmly in place against 
the ectodermal epithelium. The parictal wall of 
the cup and outer wall of the axial conc contains 
secretory cells (collaeytes) which produce 
adhesive material. The core of the axial cone 
contains columnar epithelial cells which extend 
the whole length of the cone and have apical 
processes extending into a terminal hyaline cap 
that protrudes through an opening in the larval 
test and forms the initial attachment ta the 
substrate. Subsequently adhesive material is 
released [rom the secretory cells of the surface 
of the axial cone which is extruded through the 
test. The eversion of the axial cone and the 
attachment. of the larva to the substrate is a 
complex process also involving fibrous lamellae 
from the concavity of the adhesive organ. 
between the axial cone and the parietal wall 
of the surrounding cup (sce Cloney 1977). 

In Aplousobranchia, there are (at least) 5 
basic types ol everting adhesive organs. 
including the simple axial cones described by 
Cloney (1977) viz: 
|. Invaginated tubes in Pyenoclavellidaue, 

Euherdmania, and Sigillina mjohergr, 

2. Simple axial cones composed of central 
coluninar und peripheral cells in the centre 
of epidermal cups in which the haemocoel 
protrudes between panetal and marginal 
layers of cells, as described by Cloncy (/oe, 
cita. Thesc appear similar in Clavelinidae, 


Stomozoidae ndam., Syeozog, Distaplia, 
Hvpsistozoa, Polycitor, Eudistoma, Cysto- 
dites. Polycitorella, Polyclinidae and 
Didemnidae. Adhesive organs of this type 
have stalks of various lengths, from short 
und thick (in Clavelinidae and Holozaidac) 
to long and narrow (in some Polvcitoridac, 
and in Polyclinidae and Didemnidae), The 
axial cones are shallow and sessile in wide 
ectodermal eups in Clavelinidae and Stumo- 
foidae; conical and constricted around their 
base in deep cctodermal cups in Distaplia. 
Srcozoa and related genera in the Holozoi- 
dae, and in Cysrodytes and Polyetror 
(Polycitoridae), wide, flat-topped and 
mushroom-shiped with à pronounced con- 
striction around the base and shallow 
eciodermal cups in. Eudistoma and Polvii- 
torella (Polycitoridac). 
3. Complex flat-topped. axial platfarms and 
ridges composed of arborescent groups of 
columnar cells that resemble those of 
Eudistoma to some cxtent, but are larger and 
are depressed into the ectoderm (rather than 
stalked). These oceur in Sigillinu and 
Iivpodistoma. |t is possible that they will 
be lound also in. Polydistoma n.gen. 
Clonev (1977) refers to a thick-walled axial 
vesicle filled. with adhesive in larvac of 
Eydisroma rliteri Van Name and E. molle 
Ritter (sce Van Numc 1945), Adhesive organs 
of species al. Pofrcitor, Eudistoma and 
Exustoma n.gen. in the present collection are 
stalked, and have flat-tapped, rather (han 
conical, axial protrusions with the usual 
columnar and peripheral cells (see 2., above). 
5. The tulip-shaped sessile adhesive organs of 
Brevicollus tuberatus appear another type. 
l'heir long, double-layered walls may he the 
homologue of the ectoderm cup of other 
forms, but they do not contain an axial 
protrusion of any sort, and thc deep elliptical 
coneavily has apparently filamentous lamel- 
lie resembling those in the sulcus between 
the parietal wall of the cup and the axial 
cone of Disraplia (Cloney 1977). The 
relationship of these with other adhesive 
Organs is not apparent 


ds 


apertures’ The incurrent (nr branchial) aperture 


and the excurrent (or atrial) aperture are the 
two openings ol the ascidian body. [he rim of 
the branchial aperture is divided inlo 6 lobes 
in most aplousobranch taxa except in the 
Clavelinidae and Pyenoclavellidae (tn which it 
is smooth) and in Sycozoa (in which the tebes 
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are much reduced). The incurrent stream at 
water, generated by the cilia lining the pharyn- 
geal perforations (stigmata), enters the bran- 
chial sac through the branchial aperture, which 
always opens directly to the exterior. The 
excurren] water that has been strained through 
the branchial wall. together with faeces and 
reproductive products expelled into the atrial 
cavity, leave the zooid through the excurrent 
(or atrial aperture). This opens directly ta the 
exterior in the Diazonidae, Clavelinidac, 
Pyenoclavellidae, Sigiffina, Polydistoman. gen., 
Stomozoidae. Polycitoridae (with the exception 
of Exostama), aud Euherdmaniinae. The 
excurrent waler is expelled indirectly, through 
a cloacal cavity with a limited number of 
Openings to the exterior, in Holozoidae (with 
the exception of Sigillina and Polydistoma 
n.gen.), Exostoma n.gen., Polyclininae and 
Didemnidae. 

In the former group of taxa the atrial aperture 
is always 6-lobed but in the latter group only 
Exostoma n.gen.. and Hypodisroma have b- 
lobed atrial apertures. The others have an upper 
lip. sometimes subdivided, which inserts into 
the test around or along the sides of the cloacal 
eavity or its apertures. The sides and posterior 
border of the atrial apertures of these genera 
usually are smooth. 

The number (6) of lobes around the rims of 
the apertures is relatively stablein Aplousobran- 
chia. The only exeeptions (as described above) 
are where atrial apertures are adapted to open 
into cloacal cavities, and where the rims of the 
openings are smooth (Clavelinidae and Pyenoc- 
lavellidae). There is less stability in this character 
in other suborders. Phlebobranchia have 6 ar 
more atrial labes and usually more branchial 
lobes. Stolidobranchia basically have 4 bran- 
chial and 4 atrial lobes (Styelidac, Pyuridae), 
or 6 branchial ond 4 atrial lobes (Molgulidae), 
although modifications can occur that change 
these numbers. 

When zooids open separately surface features 
ol the test ol cen separate incurrent and exeuirent 
streams af water hy directing then away from 
one another. or by raising cloacal apertures 
uhove the branchial ones (Katt 1989). 


anal opening, anus. sce gut, gut laop. 

ascending limb uf gut loop: sec gut, gut luup. 

asexual reproduction. scc cloacal systems, 
colonies, epicardium, 

atrial cavity; the cavity, lined by ectoderm, tormed 
(in the Enteragana) hy luson ol paired 


invaginalions [rom the dorsum to surround the 
sides of the pharynx. Ciliated. pharyngeal 
perforations open into this cavity. In Aplou- 
sobranchia the gut loop and gonads are 
posterior to the cavity and not embedded in 
the parietal body wall alongside it, as they are 
in Stolidobranchia and Phlebobranchia. 


branchial folds: such us those found in the 


Stolidobranchia, do not occur in the Aplou- 
sobranehia, in which the pharyngeal wall is 
always flat. 


branchial papillae: papillae. vertical to the plone 


of the pharyngeal wall, which support the 
internal longitudinal vessels. Both oeceur in 
Cionidae and Diazonidae. The minute papillac 
on the transverse vessels of Protopolvelinun 
Millar, 1960 and Pn/rclinum may he vestiges 
of the vertical papillae. There arc no papillac 
in other aplousohranch families 


branchial sac: the pharyns of an ascidian, 


perforated. hy rows of stigmata. In colonial 
ascidians. as replication becomes more prolific 
and ^4eo0ids become more numerous. their 
progressive reduction in size and increasing 
simplification is refleeted in the branchial sac. 
In Aplpusobranchia numerous stigmata in 
many rows and internal longitudinal vessels are 
present only in the Cionidae and Diazonidaec. 
but iti other taxa the inteinal longitudinal vessels 
are lost and stigmata decrease in number as 
zooids become smaller. Clavelinidae and 
Polrcitor sometimes have relatively numerous 
stigmata in numerous rows but internal 
longitudinal vessels are absent. The number of 
stigmata per row remains relatively high in 
Sigilling and Pyenoclavella. although the 
number of rows is reduced. Sigillina has only 
3 rows of stigmata and some Prenoclavellu spp. 
have only 2 (see below). Both the numher of 
rows und the number of stigmata per row 15 
most reduced in the small zooids of Eudistonmu, 
(See also branchial papillae, internal langitud- 
inal vessels). 


branchial tentacles: stumpy or tapering endoder- 


mal structures, in one or more circles at the 
base ol the branchial siphon. In Aplousobran- 
chia they are always simple without side 
branches. They occur in more than one circle 
in many species, viz. in Clavelinidae and in 
Eucdistoma. Eudistoma may have up to 9 circles 
nf tentacles in a wide band at the base of Ihe 
branchial siphon, 
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hrouding: sev incubation of embryos. 
budding. scc replication. 


cloacal cavities, — systems; arrangements of 
embedded 76oids around cloacal cavities in the 


test, into which their atrial apertures open, 


rather than opening directly to the exterior, The 
branchial apertures maintain their separate 
independent openings directly to the exterior, 
The degree of integration of the colony can be 
measured by the form of the systems and the 
extent to which the vooids are organised into 
systems. Any cloacal system indicates a fair 
degree of integration. 

The most rudimentary cloacal systems are 
those im the Polycitoridae (Eudistoma, Polvei- 
rorefla and Cystadyres but not in Polrciror) in 
which zooids are arranged in circles (Fig. 20), 
their atrial apertures toward the centre ol the 
circle where the excurrent streums ol water 
reinforce aone another. Sometimes the atrial 
apertures open into a depression in the centre 
of the circle (Fig. 2d). This is a forerunner of 
the most simple cloacal system in which a circle 
of 700ids surrounds an actual cloacal cavity 
which receives excurrent water from the atrial 
apertures which open into it. This water leaves 
the colony through a cloacal aperture (some- 
times referred to as a common cloacal aperture) 
in the surface test that rools over the cavity 
(Fig. 2e). 

The evolution of cloacal systenis includes 
their extension lrom circles to ovals, and 
subsequently to long and sometimes branching 
systems of canals, which radiate away from the 
cloacal aperture beneath the surface of the 
volouy. In the highly integrated colonies of 
Srcozoa, long cloacal canals, lined on each side 
with a row of zooids. extend parallel te onc 
another down the sides af the colony. In 
Didemnidae. cloacal cavities are sometimes 
almost continuous spaces that surround the 
zooids, or clumps of zooids, either at thoracic 
level, or cxtending into the lower half of the 
colony to surround the whole length of the 
z00ids with deep spaces (see Kott 1962). In 


Atriolum and Leptoctinides (Didemnidae), 


liypadinoma (Holozoidae) and Exustonta 
n.gen. (Polycitoridae), long. posteriorly 
oricnted, atrial siphons from the postero-dorsal 
part of the thorax carry excurrent water to 
cloacal spacés und canals at abdominal or even 
posleriir abdominal level 

Holuznidae have a great range in the 
development of systems, In. Sigi/lina the atrial 
uperture ol each zooid opens separately to the 


exterior, hul most species have a degree of 
integration in the colony. Usually they have « 
basal stafk and a terminal head with the zaoids 
opening around the head and all facing the same 
way. Their endostyles (ventral surlaces) are 
below the dorsal surfaces. the branchial 
aperturcs facc down toward the stalk, and the 
atrial apertures are directed upwards, toward 
the top of the colony (see Katt 1989). Thus. 
although the -olony could be said to comprise 
a colonial system. cloacal systems are not 
formed. Similarly the new genus Palrdistoma. 
with branchial apertures on the undersurlace 
ol the fronds of the colony and the atrial 
apertures uppermost, can be sad to have 
colonial, but not cloacal, systems. Similar 
systems are present in certum genera ol. the 
Euherdmaniinae (viz. Rirzerelfa), 

In the Polychninae (Polyclinidae), most 
species of the Didemnidae, the hofozoid genera 
Nevdtstoma n.gen. and Hypodistoma, and the 
polychorid Exostonta n.gen., the cloacal 
systems ure extensive, and involve large 
numbers of sinall zooids. ‘The shape and size 
of these cloacal systems and the colonies 
themselves Jack the regularity of those in 
Distaplia and Sycozoa. being more affected by 
environmental lactars and age. 

In Distaplia and Syeazoa the disposition of 
zoids is ordered, cloacal systems are regular 
in sive and shape, and are systematically 
arranged in the colony. teplication is prolific, 
und gamete production is synehronised. lt is 
probühle that Sieozoa spp., with certain 
didemnid species, represent the most highly 
integrated colonies in the Ascidiacea, In 
stolidabranch uscidians, cloacal systems occur 
only in. Botryllinae. Sometimes they ate 
comparahle with the extensive branching 
systems found in Polyclininue. Only occasion- 
ally { Botrylloides magnicoecus) do they achieve 
the degree of integration that occurs in the 
Sycozaa and in most Distaplia spp. 

colonial systems: an ordered rather than random 
arrangement of zooids in the colony. Colonial 
systems include cloacal systems (sce above), In 
many species of Clavclinidae, Pyenoclavellidac. 
Sigillina spp., Polydistoma, Stomozoldac, 
Polycitoridae and Fuherdmantinac (Polyclini- 
dac) however, in which the Zuoids. maintain 
their independent atrial aperture direct to the 
exterior. colonial systems are formed thal do 
not involve a common cloaca. In these systeius 
zoüids are regularly arranged, sometimes (but 
not always) in stalked colonies. with their 
branehial and atrial apertures co-ordiuated with 


THE AUSTRALIAN ASCIDIACEA 2 lI 


XA 2 
Ae : pun 


Vic. 2, Evolution of cloaeal svstems (diagrammatic): a, partially embedded zooids, no systems (Diazona, Clavelina 
and Pycnoclavellay b. completely embedded zaoids forming colonial, but not cloacal, systems with t-lobed 
atrial siphons opening separately ro the exterior (Clavelina spp- Nephirheis faseicularis. Sigillina spp.. 'olydistoma 
vgen. Sromozoa, Polycher spp, Fudistomaü spp.): €. zooids arranged in circles with 6-lobed atrial siphons 
opening m the centre to form incipient cloacal systems (Eudistoma spp. Polycitorella spp., Cystadytes spp.) 
d. foods with 6-lobed atrial siphons opening inte rüdimentary (Ludisroma spp.) 10 extensive (Hvpadistama 
spp., Exostonpr ngen) eloacal cavities; ef. zooids formed into well developed. cloaca] systems. their wide- 
lipped excurrent openings often exposing their branchial sacs directly to the long, sometimes branching cloacal 
canals or cayimes, cach of which opens to the exterior by a single cloacal aperture, e. zooids with gonad 
in the gut loop (Dis/aplia, Syeazoa, Didemnidae), f. zooids with gonads in à posterior abdomen (Polvelinidae) 
Symbols: eee, common cloacal cavity, the arrows show direction of current low 
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respect Lo environmental facturs (such as 
direction of current flow), Theres no indication 
of even a moderate degree of integration in the 
colonies ol other taxa in the Diazonidue, 
Clavelinidac and Pyenoclavellidac in which the 
zoids, although colonial, being joined by basal 
stolons, or partly (Fiz 2b) or completely 
embedded, do not form systems. 


colonies; With the exception of Ciona. certain 
species of the Diazonidac (viz. Rhopalaea spp.). 
und Clavelinidae (Clavelina dagysa, C. ostrea- 
rium, C, meridionalis, C. viola, C. miniata). all 
aplousobranch ascidians are colonial The 
vooids that make up the colony are produced 
by replication of the oozooid (primary zooid) 
usually lollowing metamorphosis. Sometimes 
replication begins in the larva, buds being 
isolated from 4 vegetative stolon containing an 
extension of the epicardial sac in the region of 
the ocsophagus (Srcozoa, Distaplia and 
Hypsistozoa in the Holosoidue and some 
Didemnidae), although these buds do not 
always persist to form definitive zooids (sce 
Berrill 1950; Brewin 19S6b). l'he various 
budding processes have been summarised hy 
Berrill (1935b, 1950) and Kort (1982b), Repli- 
cation. occurs in all aplousobranch ascidians 
except Ciona and Rhopalava. Watanabe and 
Tokioka (1973) have shown how the solitary 
zooids ul Clavelina miniata develop from buds 
that subsequently move away from the parent 
zooid. Clavelina meridionalis replicates develop 
trom the vascular stolons in the stulks that 
persist after degeneration of the parent zooid 
(sce below). Regeneration of thoraces [ram the 
oesophageal region of both Ciong and Rhiopa- 
laea may be an carly stage in the evolution ol 
the replicative process and the development of 
colonies in Aplousobranchia (see Kott 1982b; 
sec also colonial systems, cloacal systems and 
replication), 


descending limb of gut loop: see gut loop. 


distal: the end of an organ or structure toward 
which the contents or products move, or which 
is farthest from the base or point of origin (see 
also proximal), 


dorsal lamina, — languets: pointed. triangular 
projections from the transverse vessels of the 
branchial sae where they cross over the dorsal 
sinus, They are in a line parallel and to the 
lelt of the dorsa! mid-line in most genera of 
the Aplousobranchia. A plain-edged fold of the 
pharyngeal wall forming a dorsal lamina as in 
many lamilies of Phlebobranchia and Stolido- 


branchia does not acenr in Aplousobranchia. 
Berrill (1950) believes that the presence of dorsal 
languets is a more primitive condition than the 
continuous fold. 


dorsal tubercle: see neural duct. 
duodenum: see gut loop. 


endocarps. thickings or fleshy outgrowths of the 
parielal body wall that occur alten in Stolido- 
branchta. They are not found in 
Aplousobranchia. 


epicardial sacs, epicardium: paired endodermal 
sacs that evaginate from the postero-veatral part 
of the pharynx. In Ciona these sacs develop 
following metamorphosis (see Berri! 1950) The 
lelt sac envelopes the gut and gonads. and the 
right one the heart and pericardium, In Ciena 
they maintain their openings into the pharynx, 
one opening on each side ol the mid-line in the 
ventral part of the retropharyngcal groove. In 
the Didemnidac, und the genus. F£uherdnania 
(Polyclinidac), the sacs remain separate Iram 
ene another. In the majority of other taxa they 
fuse into a single epicardium which extends 
aloug the length of the abdomen (where it is 
assaciated with the oesophagus and stomuch) 
to terminate around the pericardium at the 
posterior end of the abdomen (Diazonidue, 
Clavelinidae, Pyenoclavellidae, Polycitoridaet, 
and at the end of the posterior abdomen 
(Polyctinidac with the exception olf Euherdmia- 
nia). In Euherdmania, as iu Ciona, one af the 
2 sacs ts associated with the gut loop in Ihe 
abdomen. l'he other extends the length of the 
posterior abdomen to terminate around the 
pericardium and heart which, in Awheradmarifa, 
is in the posterior abdomen (Trason 1957). 

Although in Holozoidac, the epicardial sacs 
arè believed to luse, there ure two in Sigillina 
grandissima n.sp. (see below), The left sac lies 
in the abdomen and. again as in Ciona, it is 
this left sac that terminates pver the pericar- 
dium. The right sac eatends the length of the 
vegetative stolon as is usual in the Holozoidae 
where the fused epicardium extends beyond the 
heatt to form à narrow lumen in the vegetative 
stolon ‘Vhe presence of the epicardium in the 
vegetative stolon distinguishes that organ frorn 
the large vascular stolon ol the Clavelinidae and 
Pyenoclavellidae, 

It was the presence of the epicardium in the 
vegetative stolon ol the Holozoidae that led 
Caullery (1909) to suggest the stolon was the 
homolague of the posterior abdomen in the 
Polyclinidae. However these structures diller, 
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not only in the absence of the gonads and heart 
from the holozoid stolon, but also in the 
processes by which they respectively form the 
replicate zooids that are added to the colonies 
(see Caullery 1909). 1n the Didemnidae the sacs 
are much reduced in length and persist as two 
small vesicles in the oesophageal region. As in 
all other groups except Clavelinidae, the 
epicardium in Didemnidae comprises the 
regenerative tissue in the replicative process (see 
Berrill 1935b, 1950). 

In Phlebobranchia the embryonic epicardium 
is the source of the excretory vesicles that lie 
around the gut loop. In Stolidobranchia the 
epicardium is probably also involved with 
excretion (see Berrill 1950, and Saffo 1978 for 
an account of the kidney in Molgulidae). 


excurrent aperture: see apertures. 


fertilisation: occurs externally in Cionidae and 
Diazonidae (as in most Phlebobranchia and 
Stolidobranchia). All other Aplousobranchia 
are internally fertilised, either in the oviduct or 
in the atrial cavity (see also incubation of 
embryos). 


gastric caecum: a small diverticulum of the 
stomach which often is present in phlebobranch 
and stolidobranch ascidians. It is present in 
juvenile Ciona (see Millar 1953a) but not in 
other aplousobranch taxa. 


gastric folds, — ridges: parallel longitudinal 
glandular swellings in the internal lining; or the 
folds of the whole stomach wall. These occur 
in aplousobranch taxa Ciona, Rhopalaea, some 
Distaplia, and Polycitor (see Key to the genus 
Polycitor, below), Stomozoidae n.fam.. Euherd- 
mania, Ritterella and Aplidium. 

In Stolidobranchia, glandular folds occur in 
Styelidae and Molgulidae and in some Pyuridae. 
However, in the latter family Pyura has a 
characteristic, large, branching, liver divertic- 
ulum which may take the place of gastric folds. 
In aplousobranch ascidians there is neither a 
gastric caecum (as in Styelidae), nor a liver 
diverticulum (as in the Pyuridae and Molgu- 
lidae), nor any other diverticula of the stomach 
wall other than the gastric folds or ridges that 
occur in the few taxa referred to above. 

Although it is primarily smooth, the stomach 
wall sometimes is folded into 4, probably as 
an artefact of its preservation, in Pseudodia- 
zona, some Rhopalaea (e.g. R. tenuis), Clave- 
linidae, Pycnoclavellidae and Sigillina. The 
stomach wall is completely smooth in Polydis- 
toma n.gen. Hypodistoma, certain Polycitor 


and Distaplia, Sycozoa, Eudistoma, most 
Polycitorella, Cystodytes and Exostoma n.gen. 


gastric reservoir: see gastro-intestinal gland. 


gastro-intestinal gland, — connective: as in 


phlebobranch and stolidobranch ascidians, a 
gastro-intestinal (or gastric, or pyloric) gland 
is present in the Aplousobranchia. The gland 
has tubules that encircle the ascending limb of 
the gut loop adjacent to the stomach (which 
is in the descending limb). These tubules join 
into a single duct (gastro-intestinal connective: 
Kott 1985) which opens into the distal end of 
the stomach at its junction with the duodenum. 
Sometimes the duct expands into a spherical 
reservoir about halfway along its length. 

The gland probably is present in all ascidians 
(Berrill 1950). It is known to occur in Ciona, 
Perophoridae, Corellidae, Ascidiidae, Styeli- 
dae, Pyuridae, Molgulidae, and in Clavelinidae, 
Holozoidae, Polycitoridae, Polyclinidae, and 
Didemnidae (see Millar 1953a, Goodbody 
1974), although it has not been reported for 
evcry species. However it often is very incons- 
picuous. It is particularly well developed and 
conspicuous in Eudistoma spp., with numerous, 
long tubules clustered around the outside of the 
ascending limb of the gut loop. 


gonads: Gonads of most aplousobranch taxa are 


in the abdomen, in or beside the posterior end 
of the gut loop. Exceptions are Polyclinidae (in 
which thcy are invariably in a posterior 
abdomen behind the abdomen), certain Dista- 
plia (in which they are in a posterior abdominal 
sac that is connected to the side of the abdomen 
by a narrow neck), and Hypsistozoa (in which 
the gonads are in the top of a posterior 
abdominal stolon). 


Most aplousobranch ascidians are hermaph- 
rodites. They are either protandrous or prot- 
ogynous, and the zooids in one colony have 
gonads at more or less the same stage at the 
one time. For instance, in Sigi/lina australis and 
S. mjobergi the eggs are fertilised and begin 
their development before the testis is mature; 
and in Distaplia florida n.sp. and D. viridis the 
testis matures before the ovary. With one 
exception (Sycozoa anomala Millar, 1960), 
Sycozoa colonies are dioecious, at any one time 
all the zooids being either male or female. 
Nevertheless it is not known whether or not 
the colony remains the same sex through its 
life. 


Gonad and gamete size, especially ovaries and 
eggs, change markedly throughout the Aplou- 
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sobranchia. Ciona produces many small 
externally fertilised eggs. and so do diazonid 
species. In other families ovaries are reduced 
in size as, with replication, the zooids become 
smaller. Eggs are larger, fewer and internally 
fertilised as the increasing integration of the 
colony accommodates incubation of the 
embryos, either in the zooid or in the colonial 
test. 

Testes also reduce in size with decrease in 
zooid size, however, they do not reduce quite 
as markedly as ovaries do; and although follicle 
numbers are reduced. their size often compen- 
sates for this, the male follicles often becoming 
larger as their number falls (see Distaplia). Since 
the Aplousobranchia are almost universally 
internally fertilised and viviparous, the concen- 
trations of male gametes in the surrounding 
waters need to be maintained. 

The increase in the number of zooids through 
replication compensates for smaller gonads in 
each zooid (see also incubation of embryos). 


gut, gut loop (Fig. 1b): In aplousobranch ascidians 


the gut is always entirely posterior to the 
pharynx. It forms a narrow vertical loop in most 
taxa except Cionidae, Hypodistoma, Polydis- 
toma and the Didemnidae in which it forms 
a more or less horizontal loop. The descending 
limb of the gut loop in Aplousobranchia is from 
the oesophageal opening to the point, usually 
just proximal to the rectum, where the gut 
reaches the posterior end of the abdomen and 
turns into the ascending limb at the pole of the 
loop. The ascending limb of the gut loop runs 
beside the descending limb to terminate in the 
anus, opening into the atrial cavity. 

The anal opening is well anterior near the 
base of the atrial aperture in Ciona and in the 
Diazonidae, toward the posterior end of the 
atrial cavity in most other taxa and usually 
between the third and fourth or second and third 
rows of stigmata in Holozoidae and Eudistoma, 
respectively. Only in Pycnoclavellidae is the anal 
opening at a level with the oesophageal opening. 
at the posterior end of the atrial cavity. 

Subdivisions of the gut found in Aplouso- 
branchia are an oesophagus with or without a 
prestomach swelling in it, a stomach, a duodenal 
area, a mid-intestine often with a posterior 
stomach swelling in it, and a rectum which 
terminates in the (usually) bilabiate anus. 

The prestomach is known only in Clavelini- 
dae, having been reported in Clavelina cylin- 
drica, C. moluccensis. C. nigra n.sp., and 
Nephtheis fascicularis. 


The oesophagus is long (occuping most of 
the length of the long abdomen) in Pycnocla- 
vellidae, Polycitoridae (with the exception of 
the new genus Brevicollus), and Euherdmania. 
In all other taxa the oesophagus is of moderate 
length and the stomach is more or less halfway 
down the abdomen rather than at its posterior 
end. 

Berrill (1950) ambiguously referred to the 
cylindrical region immediately posterior to the 
stomach as the posterior stomach, here called 
duodenum. lt is especially long in Eudistoma, 
but is absent in Nephtheis, Euclavella n.gen., 
Sycozoa and the Didemnidae (which have no 
divisions of the gut distal to the stomach). 

The narrow mid-intestine (sometimes with a 
posterior stomach along its length) intervenes 
between the duodenum and the rectum. In 
certain Distaplia, Hypsistozoa, and Neodistonia 
n.gen. a distinct rectal valve is at the junction 
of the rectum and the mid-intestine. The 
posterior stomach is in the otherwise relatively 
narrow mid-intestine of Pseudodiazona, Clave- 
linidae (in the descending gut limb), Pycnoc- 
lavella (in the pole of the gut loop), Polycito- 
ridae and Stomozoidae (in the descending limb), 
and Sigillina, Hypodistoma, Polvdistoma n.gen. 
(in the descending limb). There is no posterior 
stomach in Cionidae, Rhopalaea, Nephtheis, 
Euclavella n.gen., Distaplia, Hypsistozoa, 
Neodistoma n.gen., Sycozoa, and Didemnidae. 

The ascending and descending limbs of the 
gut loop in Aplousobranchia are not homol- 
ogous with those of Phlebobranchia and 
Stolidobranchia. In the latter two orders (in 
which the gut is bent up alongside the pharynx) 
the oesophagus, stomach, and proximal part of 
the intestine comprise the ascending limb. The 
intestine curves around in the pole of the loop 
and the descending limb consists of the distal 
part of the intestine and the rectum. 


heart: In Aplousobranchia the heart is a straight, 


curved or V-shaped tube usually at the posterior 
end of the body. It is at the posterior end of 
the abdomen in taxa dealt with below. In 
Euherdmaniinae it is sometimes present halfway 
down the posterior abdomen, and in Polycli- 
ninae it is at the posterior end of the posterior 
abdomen (see Berrill 1936). 


incubation of embryos: All Aplousobranchia 


except Cionidae and Diazonidae are viviparous, 
brooding embryos and releasing tailed larvae. 
In Clavelinidae the ovaries are relatively large, 
producing up to 100 eggs at a time. These are 
fertilised and are brooded in the distal end of 
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the oviduet which, in some species, lies 
horizontally across the posterior end ol the 
relatively roomy atrial cavity (see Clavelina 
robusta n.sp). The larvae complete their 
development Iree in the atiial cavity. Dn a few 
species (c.g, C. moluccensis) there is a pouch 
al the distal end of the oviduet in which the 
embryos are fertilised and broaded. In Pyenoc- 
lavellidac, whieh have a Inng oesophageal neck 
and generally smaller zooids and smaller ovaries 
than tliose of Clavelinidae, the eggs mature 
sequentially. They are fertilised at the base of 
the oviduct, and develop as they niove up the 
long neck of the zooid toward tlie atrial cavity. 
Fees are also fertilised at the base ol ihe oviduct 
and develop as they move up the oesophageal 
neck in. Polveitorella and Cystodites, complet- 
ing their development in a brood pouch at the 
top of the abdomen. 

Berrill (19354) believed that fertilisation at 
the base of the oviduct was characteristic also 
ol Polycitur and. Endistoma, However. this is 
the exeeption rather than the rule in these 
diverse genera. Fertilisation is as the base of 
the oviduet in the Arctic Po/refror vitreus Sars 
(sce Berrill 19384) and in Eudistoma olivaceum 
(see Berrill 1947h Of the 14 species ol 
Eudistama doeumented by Van Name (1945), 
only E. clarum appears to have eggs fertilised 
at the proximal end of the oviduct (see Van 
Name 1945, fip. 57). Most of the other species 
have eggs and embryos al different stages of 
development crowded in the atrial cavity where 
fertilisation probably takes place. Similarly, m 
the Australian species of these genera. fertil- 
isation usually is in the atrial cavity, and is itt 
the oviduct only in Polveitor. cireres and P. 
annulus nsp, In Eudistoma only tew eggs are 
produced and they are lertilised and broaded 
in the atrial cavity of the small, but numernus 
zooids. In zoaids with the larval trunk about 
1 mm long. only ong oi two embryos nre brooded 
at a time. Up to 8 embryos ure found in the 
atrial cavity of each zooid in Ihose species with 
particularly small larvae, in which the trunk is 
not more than 0.5mm (e.g. Eudistoma elongatum, 
E. laysani), V hus in Eudistoma the number of 
eggs produced and embryos broaded hy cach 
200id is relatively low, and is directly related 
to the size of the zooids, and inversely related 
to the size af the larvae. In colonies in which 
the cate of replication is fast the large number 
of zaoids producing eges may well compensate 
foi the small number that each ood produees. 

In Holozoidae a brood pouch is partially 
isolated from the sooid, allowing the embryo 


to incufrale in the lest. independently. of the 
20uid. A loug mcubatiou time is thus possible 
without restricting the lunctians of the coord. 
Further. in some generat Disruplle and Sycozoq) 
the larva eseapes Irom the disinlegratng (est 
rather then being expelled through the atrial 
aperture. Sherefore the necessity lor eggs anu 
embryos to remain small is removed, In this 
lamily ovaries produce lew, hut large crus, 
embryos and larvae — some of the largest larvae 
Known in the Ascidiucca (up to dmm in 
SigHlinuy; and in the lirvae ol Disraplis and 
Svevcod the adult organs are better developed 
than in any other taxon, Replication ts also 
rapid and the large numbers ol zooids in each 
colony all produce eges. I hus the embryos 
produced hy a holozoul colony are large. 
numerous, can be branded for i long time. and 
the adult organs of the o0200ld (primary zooid) 
and sometimes also blustozooids are well 
advanced before release of the larvae. These 
large larvae do not swimt freely lor very long, 
and their chances of reervitment far away from 
the parent colony appear minimal, unless the 
colous itself is uprooted and moved around tn 
the plaukton (as it is in Sreozoa spp.). 

In some species (Sugillina grundissima, 
Hypodtsioma vastum and Distaplia retíagca- 
fata) there ure abnormally large eggs. which 
rupture fram the abdomen following fertilisa- 
tuan presumably at the base ol the oviduct. and 
ibe embryos incubate free in the test as they 
do itr ull genera of Didemnidae. However. in 
Polvelininue eges are lertilised and embryos 
incubate inthe atrial cavily. In Fuherdmaniinae, 
a variety of strategies for lertilisation. and 
inenbation of embryos reflect the palyphyletic 
vature of this subfamily, In. Eeherdmania (like 
Pyenoclavellu) Jertlisation is al the base of the 
oviduct and cinbryos incubate as they pass up 
the long oesophageal neck; in. Psenieodistoma 
(like Swilhna) a brood pouch is attached to the 
poslerodorsal corner of the thorax, and in 
Rinterella Vertilisation is in the atrial eavity Gas 
in Polyclimnae). 

incurrent aperture: sec apertures 

internal Inngitudinal vessels; vessels on the inner 
suilace of the pharyngeal wall, running parallel 
lo Hs lang usi. These vessels run over or 
between the stigmata. They ure present in all 
phlebobranch and stalidobranch ascidians. ane 
in Ciona. and Diuzonidue, Vestiges ol the 
papillac that support these vessels persist in the 
hranchizil sae of some genera of Fuherdmaniinae 
teg Pruropolyclinum. Millar, 19601 and 
Polvehnuni (scc branchial papillae). 
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larvae’ All aplousohranch ascidians except Ciona 
and the Diazonidae are viviparous, Larvae arè 
ltherated Irom the adult cooids or colony with 
fully developed larval organs (tail. cerebral 
vesicle, und adhesive organs) and at beast 
partially developed adult organs (branchial and 
atal apertures, branchial sac and gut loop). 

Larval ectoderm is particularly specialized, 

with secretory functions associated with larval 
settlement and the synthesis ol test. Cloney 
(1977) has investigated the line structure of 
larval adhesive organs. and has demonstrated 
Ön Distaplia occidentalis) fine extensions 
projecting [roni the ectodermal cells into the 
ics] to anchor it against the ectederm, and to 
curry secretiuns to the surface. Similar exten- 
sions al larval ectoderm Irom other parts of 
the larval trunk have been observed in many 
tuxa during the eourse ol the this study vic. 
in Syeozod (S, brevicauda nsp.. S. pulchra). 
Niyillina (S. grandissinta nsp.) Polveitor (P. 
iransduviduxs), Eudistoma (angolanum group, 
and K. incubituni asp.) and in Brevicelfus n. pen. 
Vhese extensions have lerminal vesicles thal 
often arc conspicuous in the surface test and 
obscure the structure of the larvae. Other 
cetoder mal projections into the test huve been 
observed around the apertures of the oozooid 
in Eudistoma carnosunt n.sp.. f ovatum and 
E. purpureum n sp. Vhe larval rasirum (see Kott 
1980, 19822) of cerlain. Diplosoma, in which 
Prochloron symbionts are transferred Irom the 
parental cloacal eavily to thu nest generation, 
may he formed hy similar ectodermal extensions 
over the posterior end of the haemococl. Ihe 
line structure and the functions of these 
extensions deserve investigation. 

| here are hasically 5 different types of larvae, 

each with characteristic adhesive organs (sce 
ahove), known in the Aplousobranchia. Gener- 
ally each is characteristic of a taxon or a group 
of taxa, However, often there ire anomalous 
species with larvae that do not conform. and 
the phylogeneue significance of the dillerenees 
between these larvae is not vet understood, 

The known larval types are: 

1, Thesmall, undillerentiated larvae ol Ciona 
and the Diazonidae develop from exter- 
nally fertilised. eggs. They have 3 sessile 
wiradially arranged adhesive organs at the 
unterior end of the larval trunk. Adult 
organs remain relatively undillerentiated 
until settlernent and metamorphosis, The 
lurva is invariably small, its trunk heing 
ahout (0. Imm long (see Berril! (950). 

2. Ihe moderately large. well developed 


larvae of Clavelinidae, Distupha, Hvpsts- 
fazed, Sycozou and Stomozoidae are all 
relatively similar. They have 3 triradially 
arranged sessile or stalked, adhesive 
organs on 4 common stalk or plate that 
is connected to the developing oozooid 
only by à ventral stolon. The frontal plate 
(in. Clavelinidae) and the stalks of the 
adhesive organs (in Distaplia and Hypsis- 
tozod) are otten expanded into rounded 
swellings (ampullae), 

Despite these similarities, differences 
esist in larvae as in adults, and a clase 
phylogenetic relationship is not proposed 
between Clavelinidae and Holozoidae. 

The smaller larvae known in this group 
are in the Clavelinidae with a trunk that 
is 0.7mm long (Clavelina australis, C. 
fecunda), but more often they are Imm 
ot more. There are only 2 rows of stigmata 
in many of the species (C ausrratis, C. 
Jecunda, C. moluccensis and C. baudineu- 
sis) while others have 4 rows (C. meridi- 
analis, C. oliva n.sp. and C, robusta isp.) 
or more (C pseudabuudinensis). Larvae 
have many fewer stigmata per row than 
the adult coaid and the gut loop is seldom 
dillerentiated. 

Larvae of Distaplia and Hypsistozna 
have a larval trunk seldom less than 1.5mm 
long and often more than 2.0mm. and they 
have better developed adult organs than 
those of Clavelina. The adult complement 
ol 4 rows of stigmata is present, the gut 
loop is well formed and blaslazoaids nre 
present in many species. 

Syeozog larvae are simplified, with 
trunks only about Lmin long. no ampullary 
expansions {rom the stalks of the adhesive 
organs, no ocellus. and although the 
epieardial saes arc often very conspicuous, 
without as many blastozooids as Distaplia 
and Z/rpsistozoa. However, the adult 
organs in the oozooid are as well developed 
us those in Distaplia and the axial cone 
in the adhesive organs is large. 

Larvac of Clavelina dagrsa. and C. 
brasiliensis (Millar. 1977) are unusual 
having apparently lost their adhesive 
organs. although they retain the frontal 
plate. The small (0.5mm trunk) larva of 
C, haudinensis i$ also unusual. lacking a 
stalked, frontal plate and a collar, ar 
saucer ol cells around the shact-stalked 
adhesive organs. This may he a primitive 
condition. in which simple adhesive organs 
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resembling those of oviparous forms are 
present. although they project on short 
straight stalks rather than being sessile. 
They do nat have ampullary swellings 
found in other clavelinid larvae. 


. The relatively small larvae ol Polrcitor and 


Eudistoma (Polyeitoridae), and most 
species of the Polyelinidae, have a larval 
trunk not more than Imm long and stalked 
adhesive organs present in the mid- vertical 
line anteriorly. Conieal, sometimes hilobed 
ectodermal ampullae are present in the 
anterior mid-line alternating with the 
adhesive organs, and/or in one or more 
rows along each side of them (especially 
in Eudistoma spp.). Polyclinidae have 
epidermal vesicles in the larval test as well 
as the ampullae. Adult organs ure mod- 
eratelv well advanced in the Jarvae, 
although not as well as in the larger larvac 
of Disiaplia, Sveozoa and Hypsisiuzoa, 
There are usuatly 2. but occasionally (in 
certain. Eudistoma) 3, rows of stigmata. 

Didemnidae and Crsrodrtes (Polycito- 
ridae) also have larvae of this general type. 
although their adhesive organs have 
conical protrusions rather than the flat- 
topped ones of Polrcitor and Eudistoma. 

Polycitor annulus n.sp. and P. circes do 
not have the same larvae as other species 
in the genus. Instead they have triradially 
arranged adhesive organs, They resemble 
larvae of Clavelina baudinensis, and 
possibly reflect the common ancestry of 
aplousobranch ascidians from a predia- 
zonid ancestor. 

Cystodytes has a circular perlorated fold 
of test surrounding the stalked adhesive 
organs. H may have evolved (rom the 
polycitorid larval type. 

The genera Sivillina and HH vpodistoma 
contain the largest larvae known im the 
Ascidiacea (up to 4mm long larval trunk). 
They have 2 or 3 unusually large adhesive 
organs in the anterior mid-hne. Adhesive 
organs are sessile, on s frontal plate 
connected to the oozooid hy a ventral 
stolon in féypodistoma. tn Sigiflina the 
anterior end of the larval trunk (which 
contains the farval adhesive organs) is 
separated from the oozooid by a waist. 
Adhesive organs are on short thick stalks 
and surrounded by ectodermal vesicles 
that arise from the ectoderm around the 
base of these stalks. just m front nf the 
waist. Adult organs in these large larvae. 


LA 


are not well differentiated. The 3 rows of 
stimata are present, but the gut Inop 
usually eannot be distinguished, These 
larvae have short tails and could be poor 
swimmers, probahly causing population 
isolation. resulting in relatively numerous 
Species in this southern hemisphere group 
of genera. 

The large larva of Sigillino mjobergi. 
with 2 deeply invaginated tubular adhesive 
organs (like those ol Pyenoclavellidac). is 
anomalous, suggesting Sigillinia. as pres- 
ently defined, is polyphyletic. 


. Larvae with adhesive cells in the base of 


deeply invaginated. tubular adhesive 
organs which evert on settlement occur in 
Pycnoclavellidae, Euf/terdmanig and Sig- 
illina mjobergi. These larvae are moderate 
to large (0.7 ta 2.0mm long trunk). They 
have 3 (triradiatly arranged) or 2 (in the 
anterior vertical mid-line) adhesive organs. 
Sometimes there are deep longitudinal 
furrows in the eetoderm uround the 
anterior half of the trunk (ampullae: 
Trason 1957) and often the ototith is 
absent. The opzooid is not always. well 
advanced before settlement, usually the gut 
loop is not differentiated and only one or 
2 rows of stigmata can be seen. Exeeptions 
are. Pvenaclavella detorta with 6 rows of 
stigmata and Euclavella n.gen. elavifornis 
with 4 rows. Both have 3 adhesive organs, 
a well differentiated gut loop, and neither 
have an otohth, 

Vhese larvae have no obviaus morphu- 
logical affinity with any ot the other groups 
except the primitive cionid-diazonid 
larvae. They may indicate an origin from 
forms with a sessile group of adhesive cells 
which subsequently invaginated into the 
larval haemocoel. The larvae may indicate 
a relationship hetween Pyenoctaveltiday 
and Euherdmannnie, and they are cvi- 
denec af the polyphvletic nature al the 
latter suh-Tamily. 

In all incubating aplousobraneh larvae 
the tail winds around the mid-line. As if 
extends up the anterior face of the trunk 
and (f Jong enough) back along its upper 
Surface, it passes to the right of the 
adhesive organs (if these are in à vertical 
line) and the sensory vesiele. If adhesive 
organs are triradially arranged 2 are on 
the left and one is on the right of the tail. 
(Sec also adhesive organs). 
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neural complex, — ganglion, — gland: a closcly 
associated neural ganglion and gland beneath 
the cpidermis in the intersiphonal region. In the 
Aplousobranchia (as in thc other enterogonid 
suborder, Phlebobranchia) the sometimes flask- 
shaped neural gland is ventral to the ganglion, 
and its duct opens directly into thc pharynx 
in the mid-dorsal line at the anterior end of 
the dorsal lamina, In most Aplousobranchia the 
opening of the neural gland is a small, 
inconspicuous, sessile, simple vertical or 
horizontal slit, or pit. Ciona is the exception, 
the opening of the gland (the ciliated pit) being 
complex and folded, and opening on a tubercle 
as it does in phlebobranch and stolidobranch 
ascidians (see Millar 1953a). 

oviparous: externally fertilised (sce also 

viviparous). 


proximal: the end of an organ or structure away 
from which the contents or products move. (See 
also distal). 


pyloric gland: see gastro-intestinal gland. 


rectal valve: two backward-projecting caecae at 
the proximal end of the rectum, found in certain 
Distaplia and in Hypsistozoa and Neodistoma 
n.gen. 

replication: the vegetative process whcreby clones 
of adult 7ooids are produced to form colonies. 
One or another process of replication occurs 
in all aplousobranch families except the 
Cionidae (see also cloacal systems, colonies, 
epicardial sacs; and Berrill 935b, Kott 1982b). 


retropharyngeal groove: the groove that connects 
the postero-ventral end of the endostyle with 
the postero-dorsal oesophageal opening. 


spicules: small (0.01 to 0.1mm diameter), calcare- 
ous (calcite) crystalline structures found in 
Didcmnidae and in Polycitorella and Cysto- 
dytes. They appear to be synthesised in localised 
regions of the test where it is in close contact 
with the zooid epidermis on each side of the 
ventral mid-line. The site of spicule formation 
in Didemnidae is well documented (Lafarguc 
and Kniprath 1978) but that in Cystodytes and 
Polycitorella is less certain. Spicules are plate 
like (Cystodytes), star-shaped (Didemnidae, 
Polvcitorella), or spherical (Didemnidae, 
Polycitorella), 

vegetative stolon: see epicardium. 


Suborder APLOUSOBRANCHIA Lahille, 1887 


The suborder contains families of the Ascidiacea 
in which the body is divided into the thorax 


(containing neural apparatus, branchial and atrial 
apertures and pharynx surrounded by the atrial 
cavity) and the abdomen (containing gut loop, 
heart and gonads). The epicardial sacs, developed 
in the embryo as outgrowths from the posterior 
end of the pharynx, have a regenerative function. 
They persist as sacs or remnants of sacs in the 
adult abdomen and sometimes extend into a 
posterior abdominal extension. Most species of 
the Aplousobranchia are colonial. With the 
exception only of the Clavelinidae, the endodermal 
epicardial sacs are the tissue from which all body 
organs of replicated zooids develop following 
horizontal division of the zooid at one or more 
levels posterior to the thorax (Berrill 1935b). In 
Ciona and in most Rhopalaea the generative role 
of the epicardial epithelium is confined to the 
repair of parts of the body following loss or 
damage, for in these solitary taxa vegetative 
replication does not occur. 

In Clavelinidae replicated zooids develop from 
isolated terminal ampullae of test vessels in the 
colony stalk (see Berrill 1950). In the few Clavelina 
that are solitary, replicates either are separated 
from one another following their formation (as 
in Clavelina miniata Watanabe and Tokioka, 1973 
and possibly C. oliva n.sp.), or they develop 
following rcsorption of the parent zooid, as in 
Clavelina ostrearium (Michaelsen, 1930) and 
Clavelina meridionalis (Herdman, 1899). 

As discussed for colonial species of the 
Stolidobranchia (Kott 1985). zooids decrease in 
size as the replicative process evolves and becomes 
more prolific, and colonies become more highly 
organised. Most families of Aplousobranchia have 
relatively few. large, yolky viviparous larvae. 
These are incubated either in the zooids, or in 
brood pouches, or free in the test. Exceptions are 
Ciona and Diazonidae, in which fertilisation is 
external, and numerous small larvae with poorly 
organised larval organs are produced. The size 
ofthe larva, the evolutionary history of the species, 
and its degree of colonial organisation are all 
directly related to one another and inversely 
related to the numbers of embryos produced and 
incubated (see Berrill 1935a, 1955; Kott 1974, 
1982b, 1985). 

The most fundamental plesiomorphic character 
in the Aplousobranchia is possibly the capacity 
for replication. As indicated, the process is not 
the same in all families, and aspects of the various 
processes are often useful indicators of phylogeny. 
Thus, although in Clavelinidae, Pycnoclavellidae 
and Holozoidae a well developed vascular stolon 
from the posterior end of the abdomen is involved 
with replication, the process is different in each 
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family. Replication in Clavelinidae is from the 
terminal ampullae of the vascular process, in 
Holozoidac it is by division of the stolon, and 
in Pycnoclavetlidae the ahdomen itsell is divided. 
In Polycitoridae and Diazonidae the process is 
the same — the abdomen divides to form the 
replicates, This suggests the Iwo lamilies art 
related. Kott (1982h) has summarised the range 
of different repliculive processes kuown in tlic 
Aplousobranchia, Despite diflerences in the 
process, morphological adaptations. assaciated 
with increasingly prolific replieation of any type 
are usually convergent, viz. size and simplification 
of the zooids. size and form of the colony. and 
us degree of organisation and capacity to brood 
viviparous embryos. 

Other possibly plesiomorphic characters, 
probably not convergent. that could be indicative 
of common ancestry, are the tarval adhesive 
organs. The everting cones of the majority of taxa 
(Clavetinidae, Holozoidae. Polycitoridae, Polyc- 
linidae, Didemnidae) can be traced to the 
primitive. sinple, non-everting, sessile, conical 
type found in the small larvae nt all oviparous 
ascidians (phlebobranch and stolidobranch taxa 
as well as Ciona and the Diszonidae). However, 
deep tubular invaginations that carry the secretary 
celts back into the larval trunk, in Pyenoelavcl- 
lidac. Sigilling mjobergi und Euherdmiania 
tEnherdmaniinag), do not have obvious relation- 
ships with the other types af adhesive organs (see 
Cloney 1977; sec also Annotated Glossary. 
adhesive organs). 

Characters. associated with the progressive 
evolution of cloacal systems are olten convergent 
and usually indicative of not more than generic 
status only rarely are families so distinguished 
(viz. Euherdmaniinae from Polyclininie). Thus, 
in the Holozoidae, Sigillina (with atrial apertures 
on siphons opening independently) is distinct Irom 
Sycozoa and Distaplia which have cloacal cavinies 
und wide atrial apertures opening into them. 
Differences in the arrangement of zooids ip the 
colony, either in cloacal systems or with atrial 
siphons opening separately to the exterior, are 
usually regarded as significant only at species level. 
[hus in some. but not all, Eudistoma zooids are 
arranged in circles around cudimentary cloacal 
cavities; and Distaplia has either circular or 
radiating double row, systems. 

Reduction in gonad size is anather convergent 
character associated with repticalion, a colonial 
habit und viviparity (see Kutt (982b). However, 
the location af gonads in the ood is only 
sometimes convergent, Polveitoridae have smoll 
zooids With gonads m the abdomen (in the gur 


loop). Similaily, neithi Holozoidac nor Didem- 
nidae have a posterior abdomen und their gonads 
are also in the gut loop. in what appeats tp 
represent maintenance of their primitive posilion 
rather than convergence with the Polveitoridae 
However, the presence of gonads in à posterius 
abdomen in certain genera of the l'uherdmanitinae 
muy be convergent. rather than indicative of a 
direct. relationship with Polyclinidae eg 
Pseudodisioma has an apparently closer phy logc- 
netic relationship with Sigi/ina than with 
Polyclinidae (with whieh it currently is classified). 
The Euherdmuniinae will be discussed in Part 3 
ol this work. 


Hulozoidae and Didemnidae both produce 
relatively few and linge eggs. Embryos aie hrooded 
in thoracic ponches in most species of the 
Holozoidae and ia atriofuni Rott, 1983 (Didem- 
nidael, A lew species of Holozoidae. have 
particularly large eggs which rupture directly (rum 
the abdomen to develop in the test as they do 
in most Didemnidae these appear canvergent 
characters associated with the relative size of eggs 
and zooids, lor a direct phylogenetic relationship 
between Holozoidae and Didemnidae is denied 
by their processes of replication the division 
ol a posterior abdominal vegetative sialon in 
Holazoidae, and oesophageal budding and 
division of the zooid in Didemnidae 


Unlike Phlebobranehia and Stolidobranchia, 
where phylogenetic relationships can be identified 
with a degree af confidence, relationships between 
many recognised lanuhes of Aplousobranchia are 
obscure. Their morphology is diverse, presumably 
as a result ol wide radiation, Subsequent 
extinctions have left gaps in the extant launu ind 
a shortage of evidence from which to deduce 
phylogeny, Further, several monotypic taxa have 
remarkably wide geographic ranges, bul sre 
known Irom only isolated. records and Jocalities 
(viz. Pseudodiazona, Siomozoidae n.Fam., Nepli 
theis and Euclavella n.gen). suggesting ihal 
conditions favauring radiation in these groups nre 
not as favourable now as they were in the past. 
and that the present populations are relic! ones. 

The Aplousobranchia is not well represenied 
in the abyssal fauna of any ocean. Possibly ats 
characters are not readily adapted to conditions 
in ocean depths. One relevant charactec may be 
the large, viviparous larvae (associated with u 
colonial habit) thar are tree for only very shart 
periods, and arc unlikely to be efficient swimmers. 
These inhibit gene How between. populations 
wolated by distance ar other factors, The internal 
fertilisation that is necessagly associated with a 
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viviparous habit may also represent a selective 
disadvantage at great depths where canditions on 
the sea loor apparently accommodate only sparse 
populations. These reproductive strategies may 
reflect selective. pressures that have affected 
evolution of aplousobraneh ascidians and patterns 
of distribution of extant forms. 

Only lew of the known genera of Aplousobran- 
chia arc not known fram Australian waters. 


Kev ro li Pastis OE pitt AI OPSOHICANCHLIN 


l. luteroul longitudinal branchial wessels or 


forked pupillae present...........-.--- 2 
Internal longitudinal branchial vessels and 
forked papillae absent 00.0%. 0. ae ed 

2. Gut lorms a horizontal loop ....ClIONIDAE 


Gut l'orms u vertical loop... DIAZONIDAF 
3. Branchial apertures with smooth borders. ..4 
Branchial apertures with lobed borders ....5 
4. Ovary contains < 10 ova: larval adhesive organs 
inverted tubes... PYCNOCLAVELLIDAE 
new family 
Ovary contains i LO ovu; larval adhesive organs 
nol inverted tubes. ..... CLAVELINIDAE 
Gouads and heart in a posterior 
abdonenc varo POLYCLINIDAE 
Gunads and heart not in. n posterior 
SNITUOITION cre Nee oes Lol e M 6 
6 Lobes of apertures with secandury scrra- 
lions .......S5TOMOZOIDAE new family 
Lobes ol apertures withuut secondary 
BOT TULERIT a Go CU OO DOORS Ur OP DIA 
Replicates generated tram vegetative stolun in 
stalk oc in base of colony: embryos usually 
brooded in. thoracic pouch; calearéous 
spicules never present ..,. HOLOZOIDAE 
Replicates nat generated [rom vegetative stolon 
in stalk o1 in base of colony; embryos seldom 
brooded in. thoracic pouch; calcareous 
spicules sometimes present ,............8 
S. Cloacal systems seldom preseni*: atrial 
apertures always 6-lobed; replication by 
horizontal division of the 
abdamen.......... . . LRORVCTIORIDAE 
Cloacal systems always present, atrial apertures 
seldom 6-lobed; replication by oesophagceal 
pido ner nas n, DIDEMNIDAE 


Ww 


“u 


* The new genus Evostoma is the only taxon ol 


ihe Polycitoridae with a trne cloacal system. 
Family CIONIDAE Lahille, 1887 


Ciona, Une only known genus of this lamily. is 
characterised by its solitary habit, horizontal gut 
loop posterior to the thorax, persistent openings 
of ihe epicardial sacs into the pharynx, lobed 


apertures, and large branchial sac with numerous 
rows ol stigmata and internal longitudinal vessels 
supported on papillae which project into the 
lumen. What arc thought to be light sensitive ocelli 
ure present between the lobes ol the apertures. 

Kou (1969) first drew attention to the aplou- 
sobranch nature of the Cionidac, which formerly 
had heen included (with the Diuzonidae) in the 
Phichobranchia on the basis of the internal 
longitudinal branchial vessels and their supporting 
papillae which are simular to those of certain 
phlebobranch ascidians (see Huus 1937 Van 
Name 1945, Berrill 1950). A tendency to lose 
internal longitudinal branchial vessels is a 
convergent adaptation. associated. with the 
development of vegetative replication and conse- 
quent reduction in 2001d size in both phlchobranch 
and stolidobranch as well as in aplousobranch 
uscidians (Kott 1985). Consequently, the absence 
of these vessels trom the small branchial sacs of 
colonial aplousobranchs is a secondary adapta- 
tian, and not a plesiomorphie character indicating 
a phylogenetic affinity at the subordinal level. 

As well as its large branchial sac and internal 
longitudinal branchial vessels, Ciona has other 
apparently primitive characters that persist in 
solilary Phlebobranchia and Stolidobranchia 
viz. small larvae and an oviparous habit. In all 
sub-orders, convergent. adaptations. associated 
with vegctative. replication and a colonial habit 
include viviparity and the development of large, 
well organised larvae with well developed larval 
and adult organs (see Kott 1985). Thus, small, 
largely undifferentiated cionid-type larvac, with 
simple iriradially arranged adhesive organs, do not 
indicale 3 close phylogenetic relationship between 
Ciona and solitary phlebobranch aseidians, They 
are associated with a solitary. oviparous habit and 
their loss represents another adaptatian associated 
with the colonial habit that results (rom vegetative 
replication. 

The hypothesis of a claser relationship between 
Cina and Aplousobranchia is mare compelling 
than one between Ciona and Phlebobranchia. It 
is based an the existence and regenerative role 
vf the epicardial sues in Ciona and in aplouso- 
branch families. Individuals of Ciona intestinalis 
have the capacity to regenerate lost organs, the 
regenerative tissuc hemg endodermal epicardium, 
Epicardial epithelium is the regenerative tissue in 
the process ol replication in most aplousobranch 
ascidians ( Hirsebler 1914, Berrill 1935b), Although 
regeneration and repair occur in Ciona, spontane- 
ous division of the zooid resulting in replication 
does nol. The regenerative capacity ol the 
cpicardiul tissuc in Ciona involving, selection of 
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epicardial tissue for a regenerative tunction, rather 
than the excretory role it has assumed in 
Phicbobranchia, probably represents an early 
stage in the evolution of the aplousobranch 
vegetative process, and the separation of Aplou- 
sobranchia trom Phlebobranchia. 

The close relationship between Crona and other 
aplousobranch ascidians is supported by the 
oxidation state of the vanadium present in the 
blood cells, vanadium (IV) in aplousobranch and 
vanadium (111) in phlebobranch families (Haw- 
kins, Kott, Parry and Swinehart 1983). 

Test vessels of Ciona arise from the posterior 
end af the body and extend out into the posterior 
test extensions (villi). Although these vessels are 
primarily ectodermal, as in all ascidian species, 
they have a mesenchymal septum between the two 
channels (see Millar 1953a), as in the aplouso- 
branch family Clavelinidae and provide à further 
indication of affinity with Aplousobranchia, 

Araneum Monniot and Monniot. 1973, assigned 
by its authors to the family Cionidae has no 
apparent cionid characters. It appears a highly 
adapted, abyssal phlebobranch related to the 
Ascidiidae. 


Genus Ciona Linnaeus, 1767 
Type species: Ascidia intestinalis Linnaeus, 1767 


A very soft test in combination with strong. 
external longitudinal muscle bands that extend the 
whole length of the organism, make Ciona 
particularly contractile. There is also an inner layer 
of fine circular muscles. The branchial aperture 
is usually 8-lobed and the atrial aperture 6-lobed, 
both with single, probably light sensitive, ocelli 
(see Millar 1953a) between the lobes. 

Hoshino and Nishikawa (1985) have exhaus- 
tively reviewed Ciona. They have examined many 
of the available specimens thai have formerly been 
described, as well as additional material from 
Arctic, boreal and cold and warm temperate 
European waters, the Mediterranean, the Atlantic 
coast of North and South America, the coast of 
California and Japanese waters as well as somie 
specimens from Western Australia. Port Jackson 
and New Zealand. They conclude there are two 
closely related species of the genus — one, Ciona 
intestinalis (Linnaeus), with a wide cosmopolitan 
range, as indicated below, and one, Ciona savignyi 
Herdman, recorded principally from Japan, but 
also recorded from Alaska (as C. intestinalis: 
Ritter. 1913) and Hong Kong ( C. intestinalis: Kou 
and Goodbody, 1982, part). A further record from 
Argentina (Pisano, Rengel and Bustuoabad 1971). 
assigned to C. savignyi on biological grounds, is 


difficult to interpret in. view. of the otherwise 
limited range of the species from Japan ta the 
northern Pacifice. Ciona intestinalis is tbe only 
species recorded from Australia, 

Two further species are possibly valid. viz. the 
southern polar C. antaretiea Hurtmeyer, 1911 (sec 
Monniot and Monniot 1983) which has a 
distinctive Mattened, leaf-like ovary (see Hoshino 
and Nishikawa 1985), and the north-easterm 
Atlantic abyssal C. imperfecta Monniot and 
Monniat, 1977. Two possibly valid subspecies, C. 
intestinalis longissima Hartmeyer, 1899 and €. 
intestinalis velatinosa Bonnevie, 1896, both with 
a posterior abdominal vascular extension, have 
been described (rom Arctic waters (see Hoshino 
und Nishikawa 1985) 


Ciona intestinalis (Linnaeus. 1767) 
(Fig. 3, Plate 1a) 

Tethyum sociübile Gunnerus, 1765, p. 99. 

Ciona soctabilis: Hartmeyer, 19158, p.321: 191 5b, p 234 

Aseictia intescanalis Vannaeus, 1767, p. (087, Cuvier, 1815. 
p.32, Couthony, 1838, pli, Dekay, 1N33.. p.259. 
Sars. 1851, p.156; 1859. p.64, 

Phallusia intestinalis: Savigny. 1816, p.107, 

Ciona intestinalis: ? Fleming, 1822. 5,512. Kuppler. I875, 
p.207. Heller 1875, p.117. Sehmeltz. 1879. p89 
Lraustedt, 882. p.454. Roule, 884, p.7, Castle, 1896, 
pls 1-13. Damas, 1899, p |. Herdman, 1899, p ç 
Hartmeyer, 1903. p.297; 1915a, p.321: 1920, p.210, 
1924, f. typica p.90. f. tenella p.103. E. ocellata p. 104, 
Alder and Hancock, 1907, p.37. Kesteven, 1909, 1, 
svdneiensis p.282, Van Name. 1912, f. tenella p.606; 
1945, Í. tenella p.163.? Huntsman, 191238, p.108; 
19120, pp.12, 114, 119, Sumner, Osburn and Cole, 
1913, p.730, Pratt, 1916, p.667. Ritter and Forsyth, 
1917, p.457. Hartmeyer and Michaelsen, 1928, p.259, 
Aroback, 1934, var. tenella p.17, Brewin, 1950, p.347, 
Millar. |953a, p.1; 19633, p.720; 1970, f, costata p. 114, 
Koti, 1952, p.319; 1976, p.54. Kot and Goodbody. 
1982, p.505 (part. QM GI2780). Hoshino and 
Nishikawa, 1985, p.63. 

Ascidia canina Mueller. 1776, p.225. 

Ciona canina! Kuppler. 1875, p.206. Traustedt, 1380, 
p.432. 

Ascidia ocellata Agassiz, 1850, p. 159. Binney, IRPI p.24 
Dall. 1870, p.255. 

Ciona ocellata: Verrill, 1880 p251. MeDonald, 1889. 
p.858, Hartmeyer, 1903, p.301. 

Ascidia tenella Stimpson, 1852. p.228; 1854, p.20: | 860, 
p.2. Binney, 1870, p.24. ? Dall, 1870. p.255. 

Ciunu tenella: Nertil, (871, p.99; 18722, p.6; 1872h. 
p.214; 1873. vol.6 pp. 435, 440; 1874, vol.7 pp. 413, 
504. 1880, p.25. Verrill and Smith. 1573, p.698 
Kingsley, 190]. p,!N3. Whiteaves, 1901. p.267. 
Harumeyer, 1903, p.301. 

Ascidia pulehella Alder. 1863, p.157, 

Chn india: Sfuiler, 1904, p, 24 (port, specimen from 
Station 312) 
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Ciena pulchella: Alder and Hancock, 1907, p.14. 
Hartmeyer. 19]5a, p.321. 

Ciona füsviculuris Hancock. 1870, p.364. Kuppler. 1875. 
p.207. Alder and Hancock, 1907, p.15. Hartmeyer. 
1915a. p.321. 

Ciona diaphanaea Kesteven, 1909, pp.282. 285, 

Clona robusta Hoshino and l'okioka. 1967, p.275. 

Ciona gelatinosa: Monniot, C,, (969b, p. 1133. 


Das! TION 

New Rreogps: Western Australia (Albany town jetty, 
WAM 744.83). South Australia (Adelaide outer barbour. 
SAM E1978 9). Victoria (Portland Harbour, QM 
GH34; Port Melbourne, QM G10048). 

Preview siy Rírcona o: Western Australia (Canning 
River, Swan River Hartmeyer and Michaelsen 1928; 
Fremantle, Albany Hartmeyer and Michaelsen (928, 
Kott 1952). South Australia (Port Adelaide — Kott 
1952). Vasmania (Hobart Kav 1952), Victoria (Port 
Phillip Bay Kott 1976). New South. Wales (Port 
Jackson Herdman 1X99, Kon 1952). Queensland 
(Rockhampton Kott 1952), Indonesia (ZMA TU333 
specimen from St. 312 Stuiter 1904). 

Re-examination of Hong Kong material in the 
Queensland Museum (see Katt and Gnodbody 1982) 
shows the species on the hull of the Fisheries Vessel 
(M62) to be C, intestinalis (QMGI2780), All. other 
specimen lots. both from inside Tolo Harbour and in 
the South China Sea, are C. savignyi. 

Ciana intestinalis is known also from the Arctic, the 
cust Atlantic part of the boreal region, around the British 
causts. the western seahourd of Furope, the Medier- 
raneun, parts of north and south America, Cape Verde, 
and New Zealand (Brewin 1950, Millar 1953a). Van 
Name (1945 p.162) summarises the American records 
as ‘from Greenland and Davis Strait south to southern 
Massachusetts and Rhode Island and on the Pacilic coast 
from southern Alaska 10 the southern end of California’, 

However, the only confirmed records on the Pacific 
coast of north. America (see Hoshino and Nishikawa 
1985) are from California. As C. savignyi has a known 
range that includes the Pacilic coasts of Alaska and 
Canada, it is possible that records of Dall (1870) and 
Huntsman (18124. b) are of C. savignyi rather than C. 
intestinalis, 

The Australian records arc all from harbours and port 
installations, and several (Hartmever and Michaelsen 
1923) are from brackish locations well up river estuaries. 
However, the most recent records are nol less than 10 
years old. The species appears to be disappearing from 
Australian harhours, where, (rom 1950 10 1960, crowded 
populations were known to occur. Van Name (1945) 
observed the same phenomenon on the northern coast 
of New Fngland where Ciona disappeared almost 
completely Irom a region where it had been common 
in the mid-19th century. The species js Nourishing in 
Hong Kong and is especially common in the same 


Fie 3. Gona miestinulis (QM GH34). a. terminal 
ampullae: b, individual in test showing gut-loop and 
muscles. Scales. a, Imm: b, 5mm 
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hahitats (on ships hulls, wharl piles ete) as it used to 
occupy in Australia (Kott and Goodbody 1982). 

It is possible that C. intestinalis is adapted for a habitat 
on under surfaces such as ships hulls — an adaptation 
that would favour its transport and eosmopolitan 
distribution on ships — a proposal first made by Van 
Name (1945). This proposal was repeated hy Kott (1969, 
1974). Kott (1974) suggested that populations were 
eonfined to ports and harhours because there they could 
be maintained in sufficient densities for suecessful sexual 
reproduction; while in the eonditions outside these 
proteeted loeations larvae would be dispersed and 
ultimately reach sexual maturity in isolation from other 
individuals of the speeies. 


DESCRIPTION 

EXTERNAL APPEARANCE: Individuals are 
always found crowded together in large popula- 
tions. They are cylindrical, up to 15cm long when 
extended, and usually hang vertically from under 
surfaces, fixed by their posterior ends. The siphons 
are of variable length, the 8-lobed branchial siphon 
terminal and the 6-lobed atrial antero-dorsal. The 
test is soft and translucent. When the animal is 
contracted it is very wrinkled on the surfacc, but 
internally the soft gelatinous mass becomes 
thicker. Occasionally tubicolous worms and other 
epibionts are attached sparsely to the outer surface 
and the outer layer of test is sometimes quite hard 
and lcathery. 

The single, possibly light sensitive, ocellus 
between the lobes of the apertures cach consists 
of a central red spot surrounded by a patch of 
orange pigment. Posteriorly the test is produced 
into short projections (villi), that hclp to anchor 
the animal, and that contain the double-channelled 
test vessels with large (1.5mm diameter) spherical 
terminal ampullae. 

INTERNAL STRUCTURE: The most conspicuous 
feature of the body wallis the long parallel musclc 
bands, 6 on each side, 4 of which extend from 
the branchial siphon to the posterior end of the 
body: and 2 from the atrial siphon to the same 
point at the posterior end of the body. There also 
is a pair of fine ventral muscles along each side 
of the endostyle. Anteriorly the longitudinal 
muscles extend along the siphons beneath circular 
siphonal muscles. A layer of circular muscle fibres 
is present beneath the longitudinal muscles. From 
60 to 100 simple branchial tentacles (the number 
increasing with the size of the individual) encircle 
the siphon basc. Larger tentacles, ol 3 orders of 
size, alternate with rudimentary ones. The dorsal 
tubercle, in a shallow prebranchial area, has a 
simple U-shaped slit, with the horns turned out. 
In larger specimens thc slit becomes convoluted 
and complex, with some side branches. A row 
of pointed, tentacle-like. antcro-posteriorly 


flattened dorsal languets, each expanding from a 
transverse vessels where it crosses the dorsal sinus, 
extends the whole length of the branchial sac, and 
curves to the right of the conspicuous oesophageal 
opening at the posterior end. 

The endostyle also extends the whole length of 
the branchial sac and continues posteriorly into 
a curved and usually (but not always) pointed 
evagination from the postero-ventral corner of the 
branchial sac — thc endostylar appendix. Two 
of the newly recorded specimens (QM GH34) have 
a short endostylar appendix, rounded at its tip. 
Occasionally, the appendix is turned up to the 
left of the branchial sac (QM G10048; see Roule 
1884, pl.1 fig.5) The retropharyngeal groove 
extends across the posterior end of the pharynx 
from the base of this appendix to the oesophageal 
opening. The small paired openings to the 
epicardial sacs are close together in the retropha- 
ryngeal groove just dorsal to the base of the 
endostylar appendix. 

The most conspicuous feature of the branchial 
sac are the internal longitudinal vesscls. bearing 
spoon-shaped papillae that project into the 
pharynx at their junctions with the transverse and 
parastigmatic vessels. There are from 30 to 130 
longitudinal vessels per side, increasing in number 
as the individual grows. Stigmata are long and 
narrow, and, like the longitudinal vessels, increase 
in number with the size of the individual, from 
4 to 8 per mesh. 

The gut loop is behind the pharynx — in an 
abdomen — although there is no constriction of 
the body wall separating it from the thorax, The 
oesophagus, from the postero-dorsal corner of the 
pharynx, curves postero-ventrally slightly to the 
right of the midline and opens into an almost 
spherical stomach that is more or less tapered at 
each end and lies in the dorsal curve of the 
posterior end of the body, The stomach has about 
40 longitudinal ridges in its inner lining. From 
the distal end of the stomach, the intestine curves 
anteriorly and then dorsally to lie across the 
posterior end of the body to the left of the stomach. 
The rectum extends anteriorly, dorsal to the 
gonoducts, and opens about two-thirds of the 
distance up the branchial sac in a lobed anal 
aperture, 

The gonads are also in the abdomen, the testis 
follicles being minute tubules connected by vasa 
efferentia, and forming a furry-looking coating 
over the stomach and intestine. The ovary, a simple 
sac becoming larger and less regular in older 
individuals, lies to the left of the stomach and 
just behind the horizontal limb of the intestinc. 
Male and female ducts extend antcriorly inside 
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the rectum. Both gonoducts extend anterior to 
the anus, however, to open at the base of the atrial 
siphon. The tip of the male duct is swollen into 
a small bulb that has in the vicinity of 20 separate 
minute tubular openings on its upper surface. 
There is usually a cap of red pigment over the 
terminal bulb that persists in alcohol preservative 
over many years. 

Remarks: Ciona intestinalis has an endostylar 
appendix with epicardial openings close to it, and 
the tip of the male gonoduct has a red pigment 
cap over it. Ciona savignyi lacks an endostylar 
appendix and has epicardial openings close to the 
oesophagus. Some C. intestinalis are distinguished 
further by the cuticular layer of the test acquiring 
a leathery consistency. 

A distorted and mutilated specimen from 
Indonesia (Flores Sea ZMA TU333 Siboga station 
312) assigned to Ciona indica Sluiter, 1904 is a 
specimen of Ciona intestinalis. The openings of 
the gonoducts are mutilated anterior to the anus, 
and their exact form and position could not be 
determined. However, the endostylar appendix is 
present in the position usual for C. intestinalis 
at the distal end of the endostyle; secondary 
branchial papillae, though small and often 
compressed, are also present (Sluiter 1904 pl. IV 
fig 2); and, as Nishikawa has reported (Hoshino 
and Nishikawa 1985) the muscles, gut, gonads, 
and epidicardial sacs and their openings are all 
characteristic of C. intestinalis. The flaccid and 
mutilated test of this sessile specimen was stuck 
onto the firm, gelatinous test of portion of a 
polycitorid colony, but it does not appear that 
the living specimen was so attached. Specimens 
of Ciona indica from Siboga station 49 (also from 
the Flores Sea) have been found to be conspecific 
with Rhopalaea crassa (see Hoshino and Nishik- 
awa 1985). 

Detailed accounts of the morphology and 
histology of C. intestinalis are given by Roule 
(1884) and Millar (1953a). 


Family DIAZONIDAE Seeliger, 1906 


Members of the family display primitive characters 
shared with the Cionidae, viz. numerous inner 
longitudinal branchial vessels, a large branchial 
sac, and a gelatinous, translucent test. lt is the 
only other family of the Aplousobranchia that, 
like Cionidae, has large numbers of externally 
fertilized eggs, and larvae with sessile, triradially 
arranged adhesive organs each consisting of a 
group of specialized epidermal cells and a cerebral 
vesicle but little other organisation of trunk organs 
(Berrill 1950). Also like Cionidae, zooids have 6- 


lobed incurrent and excurrent apertures. The gut 
loop is vertical and posterior to the branchial sac 
and usually encloses the large gonads — although 
these are sometimes present in a posterior 
abdomen. Gonoducts open near the anus, well 
anterior near the base of the atrial siphon, as is 
usual for oviparous species (see Kott 1985). Body 
muscles are longitudinal, extending down the body 
from both siphons. No oblique muscles extend 
posteriorly from the endostyle as in Clavelinidae. 

The family appears related phylogenetically to 
Cionidae, being separated from it by the extension 
of the gut into a vertical rather than horizontal 
loop. and by the progressive development of 
vegetative replication through simple strobilation 
of the abdomen involving the epicardial sac as 
the regenerative tissue (see Berrill 1935a, 1950 for 
Diazona). The mesodermal septum that develops 
in the vascular stolon of Ciona intestinalis is not 
present in Diazonidae. 

Species range from solitary individuals 
(Rhopalaea) to colonies with completely 
embedded zooids (Syndiazona, Pseudodiazona). 
Vegetative replication, although it is not prolific, 
takes place in most species. In Rhopalaea a 
number of species are solitary but regeneration 
of the thorax is apparently a common occurrence. 
Progressive reduction in zooid size with the 
evolution of more prolific vegetative replication 
is well demonstrated in this family — the zooids 
of solitary Rhopalaea being much larger than 
those of colonial Diazona spp. 

There is some variation in the course of 
longitudinal muscles. Generally they extend along 
the thorax and the abdomen. However, in 
Rhopalaea crassa they are confined to the thorax, 
and in R. nordgaardi they continue onto a vascular 
stolon. In both Ty/obranchion and Pseudodiazona 
there is a true posterior abdomen with muscles 
extending onto it from the abdomen, and with 
gonads and heart in it that appear spilt over from 
their primitive position in the gut loop. These 
changes (possibly related to reduction in zooid 
size associated with increasing efficiency of 
vegetative replication as the colonial habit 
evolves), suggest a relationship with Polyclinidae, 
in which zooids, with gonads and heart in a 
posterior abdomen, have internal longitudinal 
branchial vessels reduced to simple papillae 
(Ritterellaspp.. Protopolyclinum and Polyclinum) 
or lost altogether. 

Occasionally (in Tylobranchion) there are 
forked branchial papillae rather than continuous 
internal longitudinal vessels. However, the 
reduction of internal longitudinal vessels to forked 
papillae appears to be a genetic character 
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indicating a taxonomic difference rather than an 
intraspecific variation as C. Monniot (19692) 
suggested when he proposed the synonymy of 
Rhopalaea nordgaardi Hartmeyer, 1922 with 
Tylobranchion — a proposal earlier rejected by 
Arnback (1927). 

Rhopalaea and Pseudodiazona Millar, 1963a 
(monotypic) are the only Diazonidac represented 
in Australia. Others known are Diazona Savigny, 
1816 (polytypic), Syndiazona Oka, 1926 (poly- 
typic) from the Philippines, Japan and French 
Polynesia, and 7y/obranchion Herdman, 1886 
(monotypic) from the Antarctic (sec Kott 1969). 
Even genera at present known polytypic are not 
diverse, Diazona has 3 species — 2 from thc 
western Atlantic (sec Van Name 1945) and the 
type D. violacea Savigny from Europe. Rhopalaea 
contains 7 species (see below) and Svrdiazona has 
only 2 species from the western Pacific. 

Syndiazona chinensis Tokioka, 1955 is known 
from the East China Sea (Tokioka 1955a), the 
Philippines (Millar 1975, and new records QM 
GH521 GHS53l), the Kei Is (Millar 1975), and 
French Polynesia (> Rliopalaea piru Monniot and 
Monniot, 1987; see below, Rhopalaea). Millar 
(1975) thought that Polycitor renziwadai Tokioka 
1952 from the Arafura Sea also may be a specimen 
of this species. However, Tokioka did not observe 
a posterior abdomen or internal longitudinal 
vessels, and his specimen has fewer rows of 
stigmata than are found in S. chinensis. lt therefore 
seems more likely that P. renziwadai is correctly 
assigned to the genus Polycitor. Nevertheless, 
despite the present absence of records, it is not 
unlikely that S. chinensis will be found to occur 
in Australian tropical waters asit already is known 
to range widely in the western tropical Pacific. 


Key ro THE GENERA OF DIAZONIDAE 
(* not recorded from Australia) 


l. Zooids solitary or at most 2 cmbedded in 


COTm Ontest.:s sa u ss Rhopalaea 
Zooids numerous, never solitary, partially or 
completely embedded in common test....... 2 

2. Zooids partially embedded in common 
UGS ( rer nU TIER OTI Diazona* 
Zooids completely embedded in common 
IGI RETIRO EDD 3 

3. Muscular extension containing gonads present 
posterior to the abdomen.......................... 4 


Muscular extension containing gonads not 
present posterior to the abdomen................ 
v RT Syndiazona* 

4. Heart halfway down the posterior 
abdomieln. eurer Tylobranchion* 


Heart at the posterior end of posterior 
abdomen. aee Pseudodiazona 


Genus Rhopalaea Philippi, 1843 


Type species: Rhopalaea neapolitana Philippi, 
1843 


The genus is charactcrised by its large pharynx, 
with internal longitudinal branchial vessels and 
numerous rows of stigmata. The abdomen is 
separated from the thorax by a narrow oesopha- 
geal neck, and is tightly contained in firm 
ahdominal test. Numerous longitudinal thoracic 
muscles sometimes extend onto the abdomen. 

Five of the 7 known species of the genus 
Rhopalaea are solitary, viz. R. abdominalis 
(Sluiter, 1898), R. birkelandi Tokioka, 1971, R. 
crassa (Herdman, 1880), R. tenuis (Sluiter, 1904) 
and the type species R. neapolitana. Rhopalaea 
nordgaardi Hartmeyer, 1922 from Norway and 
R. hartmeyeri Salfi, 1927 from the Gulf of Naples 
are the only 2 species found as colonies. Rliopalaea 
hartmeyeri, recorded only once, generally rescm- 
bles R, crassa. Rhopalaea nordgaardi (> R. 
norvegica Arnbiack, 1926) is solitary, or up to 2 
zooids enclosed in common test. The mechanism 
of replication is not known. Constriction of the 
epidermis in the region of the oesophagus (which 
would involve endodermal tissue from the 
epicardial sacs) is not impossible (Arnback 1927). 

No trace of budding has been found in either 
R. crassa or R. tenuis in the course of the present 
study. Although fairly closely associated individ- 
uals are sometimes found, they are never joined, 
and seldom in contact with one another. Millar 
(1975) described enlarged terminal ampullae in the 
abdominal test, and even a differentiated blasto- 
zooid ‘attached to the abdominal part of the 
parent’ (Millar 1975, p.263). No known mecha- 
nism of replication in the Aplousobranchia could 
account for the presence of such a bud, which 
could be a juvenile settled on the outside of the 
test, as in specimens assigned to Rhopalopsis 
defecta Sluiter, 1904 (ZMA TU968.2 < Rhopalaea 
crassa). Salfi (1928) examined many specimens of 
R. neapolitana and could find no buds. He 
concluded (Salfi 1928, p.370) 


individuals of R. neapolitana show phenomena of 
regression and juvenescence . . . [n the regressive 
phase the zooid is destitute of a branchial sac and 
connected organs, which will reform by the 
regenerative process in the phase of rejuvenescence. 
Following the periods of regression and rejuvenes- 
cence an entire modification of the external shape 
of the individual, and sometimes of the typical 
shape of the species, oceurs. 
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[his conclusion is supported by the present 
observations on A. crassa in which vegetative 
growth appears. confined to regeneration of lost 
parts of the body. especially of the thorax, and 
to involve modification of the external shape of 
the individual as it does in A. neapolituna. Thus, 
in Rhiopalaeg. vegetative replication appears ta 
be at an early stage of development, involving 
regeneration of parts of zooids, rather than the 
replication of whole zooids. It is, therefore, very 
similar to the situation in Ciona, which has the 
capacity Lo regenerate lost parts ol the body Irom 
endodermal epicardial tissue (Hirschler 1914). 
Only in R. nordgaardi has the process evolved 
one stage further toward the aplousobranch 
pattern — the spontaneous replication of individ- 
uals to form a small colony, 


Rhapalopsis Herdman, 1890 was erected for 
species (R, fusca. R. crassa) closely related to 
Rhopalaea neapolitana Philippi, 1843, but without 
the minute plications ol the branchial sac that had 
been observed in the type species, This has not 
been confirmed as a distinction, the minute 
plications being a variable character, probably 
dependent on the condition of the specimen. Thus 
Rhopalapsis is now regarded as à junior synonym 
of Rhopalaea. 

Rhopalaea piru Monniot and Monniot, 1987 
from Tahiti is wrongly assigned. The single 
specimen lor which the species was erected is a 
small, irregular colony. The zooids have a robust 
posterior ahdominal extension and longitudinal 
muscles extending onto the abdomen in two strong 
ventral bands, and from there onto the posterior 
abdominal extension. Rhopalaea is only rarely 
colonial and then never contains the number ol 
zooids found in R. piru. Further, although muscles 
continue onto the abdomen in Rhopalaea tenuis, 
they do not continue onto a long posterior 
abdominal extension, These features together with 
others reported for R. piru including the conspic- 
uous oviduct filled with eggs, shallow longitudinal 
striations in the stomach wall, ventral longitudinal 
muscle bands terminating against the mid-ventral 
line, and embedded zooids with their anterior ends 
only projecting from the surface are all charac- 
teristic of Syadiazona chinensis Tokioka, 19554 
— of which Rhopalaea piru is a junior synonym. 

Only 2 species ol Rhopalaca have been recorded 
from Australia, R. crassa with a wide range in 
the tropical waters of both the eastern and western 
coasts, and A. tenuis, known from many specimens 
representing à large population in Torres Strait. 
Rhopalaea tenuis is readily distinguished from R. 
crassa by its basal tufts of hair-like roots and the 


longitudinal muscles continuing onto the 
abdomen 


Rhopalaea crassa (Herdman, 1880) 
(Fig. 4, Plate Ib.c) 

Evieinascidia crassa Herdmun. 1880, p. 723: 1882, p: 
240. 

Rhopalaea crassa, Beneden 1887, p, 21. fokioka. 1953, 
p. 210. Millur. 1975, p. 262. Kott and Goudbody, 
1982, p. 506, 

Rhopalopsis crassa, Van Name, T918, p, 126 

Ecutnascudia fusca Herdman. 1880. p. 732: 1882. p. 241. 

Rhopalopsiy fusca; Beneden, 1887, p. 21, Sluiter. 1904, 
p B. 

Ciena indica Sluiter. 1904, p. 3 (part. specimen (rom 
Station 49 fide Hoshino and Nishikawa 1985). 

Ecleinascidia (U Rhopalopsis) solida Herdman, 1906, p. 
299. 

Rhopalaea sagamiana Oka, 1927b. p. 681, 

Rhopalaea macrothorax Tokioka, 1953, p. 212. 

? Rhopalopsis defecta Sluiter, 1904, p. 14 


Disi uros 

New Rrcogps Western Australia (Houtmün's 
Abrolhos. OM G11933, WAM 97.78, Cockburn Sd. 
OM (9670). Queensland (Mooloolabah, QM G10143 
56GlI912 G11915; Wistari Reef, QM G10046 GH4105 
6; Heron l. QM G9489 G9955-6 GI0036 G10089 
610150 G10159 G11899 GHS8IO GH958 GH2435 
GH3463 GH3781; Swain Reels, QM GH2436 GII2807; 
Saumares Reef, QM GH281 I: Lizard 1., QM GHAQ78. 
Philippines (QM GH393 GHAUK GH42] GH454 GH477 
GH484 GH494 GH515 GH557). 

Perviotsty Kreogpro: Indonesia (Herdman 1880; 
ZMA (U965,2 TUI258. Rhupalopsis defeciu Sluiter 
1904, Millar 1975), Philippines (Van Name 1918, Millar 
1975). Sei Lanka (BM 1907.8,30.3. E. solidu Herdman, 
1906). Japan (Oka 1927h. Tokioka 1953, Millar 1975). 
Hong Kong (OM G12789 GI2808 Kott and Goodbady 
1982). 

The species is common in coral reef habitats. H i5 
especially common at Heron |. tram 2 10 20m depth. 
DrischteTiox 

Exvernar ArrrAgANCE- Individuals are elon- 
gate, up to 6cm long, The thoracic portion of the 
body is often 2em in diameter, but the abdominal 
portion is usually narrower. The thoracic test may 
be delicate and almost completely transparent or 
firm and translucent 10 Opaque. Surface irregu- 
larities (that are not present in individuals with 
thin transparent thoracic test) increase as the 
thickness and opacity of the test increases. 
Variations in condition of the test may be 
associated with age, The test is always opaque 
and rough over the abdomen. Posteriorly, the 
abdominal test is expanded and/or extended into 
solid outgrowths that help to wedge the individual 
firmly into crevices and spaces in coral rubble, 
No more than a single Z00id is embedded in the 
test, 
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Fio. 4. Rhopalaea crassa: a, young individual (QM G10159); b, aged individual (QM G11912), e-f. thoraces 
showing musculature (QM G 10144 49921 610159 Gi0114 respectively) g. gut loop (OM G10144). Scales. 


a-g. 5mm. 
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Apertures in specimens with delicate thoracic 
lest are conspicuous when extended. They have 
6 prominent lobes and pigment patehes between 
them, Those with solid. gelatinous thoracic test 
have apertures depressed into the thick test and 
so concealed by it, The branchial aperture is 
terminal and the atrial aperture antero-dorsal. 
both directed upwards. 

Katt and Goodbody (1982) discussed individual 
colour variatiors. ‘The conspicuous yellow in the 
thick thoracic test af apparently alder individnals 
probably indicates the presence of blood cells 
containing vanidium with an organie ligand that 
oxidises to olive green when specimens are 
removed Irom the substrate (D Parry pers, 
comnm.). Ahsence of conspicuous colour in both 
living ond fixed specimens with delicate transpur- 
ent thoracic test is probably a result of the 
relalively small amount of blood present in the 
thin test. 

IN ttkNAL SiR OURE: The thorax is always 
delicate. and the siphons are short, with evenly 
placed circular muscle bands. The thoracic 
niusculature. Is primarily longitudinal, Muscle 
hands Irom the branchial and atrial siphons hreak 
up into a very fine network of fibres at the base 
of the siphons and join again into 10 to 36 bands 
extending down the tharax, They divide into 
branches again across the endostvle. the retropha- 
ryngeal groove and across the posterior and dorsal 
borders of the tharax, One muscle band always 
originates from the inteisiphonal region and 
divides into ventral and dorsal branches toward 
the posterior end of the thorax. Terminal branches 
extend across the endostyle and across the retro- 
pharyngeal groove respectively. Muscles are nol 
present on the abdomen. 

{n one specimen the anterior portion only of 
the thorax is strongly contracted und the 


longitudinal muscles appear severed, leaving the 


lerrinal branches (where they cross the bardees 
of the body) in position, but leaving only traces 
of musculature over most al the body wall, In 
this specimen the internal longitudinal vessels of 
the posterior end al the branchial sac also are 
consistently interrupted, The condition. of this 
specimen is consistent with acute contraction of 
muscles, [ts appearance conforms exactly with 
Tokioka's (1953) description of Rhepalace 
macrotharan. 

There are from 2 to 6 stigmata per mesh, 50 
to 100 rows ol stigmata, und fram 40 to 50 fine 
internal longitudinal vessels supported on conical 
piupillae. Irregularities occur in the branchial sac 
In at least two specimens à part of several rows 
ol stigmata curve to he longiludinally and some 


unperforated memhrane aud irregular interstitial 
Meshes are present in their vicinity. In some 
specimens from Mudjimba (QM G10144) the 
internal longitudinal vessels are interrupted 
between the papillae and the stigmata are small 
and oyal, These thoraees may he regenerating. 
The abdomen is tightly enclosed in almost solid 
test and is only removed with difficulty. The 
oesophagus is usually fairiy long, and expands into 
h rather rectangular stomach haif way down the 


abdomen. It is smooth externally. but internally 


the fining is broken up into about 30 distinct hue 
longitudinal ridges that become irregular only on 
the darsal part of the right side of the stomact. 
The rectum extends anteriorly to open in the 
anterior third of the pesbranchial cavity, lhe anal 
border is broken into ahout 8 rounded lobes 
Minute male. follicles cluster around the large 
ovary in the gut loop, posterior to the stomach. 
Sometimes the abdomen is especially small and 
may be regenerating. A short vessel extends from 
the end of the abdomen, It branches in the tesi, 
und its terminal ampullac are present in the root- 
like projections af the lest. 

Remarks: The differeut appearance of speci- 
mens with delicate thoracic test and those in which 
Ihe thoracic test is opaque and irregular, like that 
covering the abdomen. is pronounced, It is 
probable that, following loss of the tharax, the 
test closes and the new thorax regenerates within 
it. This would explain the extreme irregularity. 
especially m the orientation ot the thorax in these 
opaque. and presumably older specimens. It is a 
phenomenon also observed by Salli (1928 p. 370) 
for R. neapoluana in which there is ‘ap entire 
madilteation ol the external shape (sce Rhopalaea 
above). 

Paratypes of Rhopulopsis defecta Sluiter. 1904 
(AMA TU9S685.2 Staton 310, PU I2S8 Station 240) 
are not separahle Irom Ihe present species, The 
specimens Irom .Siboga Station 240 included a 
group of 3 one attached along the abdominal stalk 
and another near the base af the third individual, 
appearing as a colony. The thorueces of a number 
of these specimens are relatively small, upparenily 
regenerating within firm test continuous with and 
ol the same firm consistency as the ahdaminal 
lest. 

ln Australian. populations irregular, opaque 
vellow individuals as well as those with transparent 
thoraces have been taken from Mooloolabah and 
Hontman's Ahrolhos, as they were Tram Hong 
Kong (Kou and Goodbody 1982). However. 
specimens with delicate transparent tests ure most 
often taken from coral reel locations — only one, 
opuque-yellow specimen is recorded from Heron 
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l. (QM GH3463). Perhaps predation oceurring in 
coral reef habitats prevents individuals surviving 
until the thoracic test becomes thick and opaque. 
[he thorax is missing entirely [rom a specimen 
(QM GH2436) (rom the Swain Reefs. 

In addition to yellow, probably associated with 
intraeellular vanadium, both blue and pink 
individuals have been recorded. One pale blue 
specimen was taken from the eastern end of Heron 
Ll. while populations of this species in the 
Philippines and Indonesia are a brilliant sapphire 
blue, as recorded for Rhopalopsis fusca Sluiter, 
1904. This colour probably results Irom concen- 
trations of tetrapyrols similar to those causing blue 
in Sigillina cyanea (pers. comm. D. Parry). A 
similar colour is present also in R. neapolitana 
and R. birkelandi. lts phylogenetic significance 
is not understood. 

Neither morphology nor colour — both showing 
considerable variation and overlap — can readily 
scparate most of the known species. Some 
differences exist in the avcrage number of 
longitudinal muscles, or number of rows of 
stigmata, or the size of the abdomen, but they 
usually do not fall outside the range recorded l'or 
R. crassa. Rhopalaea abdominalis (Stuiter. 1898) 
from the western Atlantic (sec also Van Name 
1945, Monniot 1970) is pink to violet-pink in 
preservative and has fewer rows of branchial 
stigmata (40) and generally fewer stigmata per 
mesh (2) than R. crassa. Rhopalaea birkelandi 
Tokioka, 1971 [rom the Pacific coast of South 
America is decp blue in preservative and has a 
small abdomen. Specimens of R. neapolitana 
Philippi, 1843, from the Mediterranean (BM 
98.5.7.303, AM G4271) and the Adriatic (BM 
98.5.7.308) are also blue in preservative and have 
a relatively large number of longitudinal muscles 
(about 36). Rhopalaea hartmeyeri elosely resem- 
bles AR. neapolitana, but is distinguished by its 
colonial habit. 


Rhopalaea tenuis (Sluiter, 1904) 
(Fig. 5) 
Rhopalopsis tenuis Sluiter, 1904, p.15. 


Dist riay tion 

Ntw Rrcogps Queensland (Torres Strait, QM 
G114669 74). 

PREVIOUSI Y 
Sluiter 1904). 

The 5 Siboga specimens were taken at 82m. The new 
records represent numerous specimens taken by dredge 
between 9739 and 10°03'S and 142°39' to 142^ SI'E at 
1L 10 18m. 


Rrcogprp Indonesia (Java Sea — 


DrscCRII"ION 
ExrERNAIL. APPrARANCE: Individuals are soli- 


\ 


Fio 5, Rhopalaea tenuis (QM GH4669): a, whole 
individual, b. abdomen showing gul loop, ovary, and 
muscles from dorsal surface; e. posterior end of 
abdomen showing muscles from left side. Scales: aye, 
5mm, h, 2mm. 
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Li y, finger-like, upright and up to 6cm long. The 
lhoracw lest (upper hall to aue-third) is delicate, 
aad in newly recorded specimens the thorax is 
rather mutilated and drawn out, looking rather 
like a ragged piece of string. The posterior half 
to (wo thirds al the test is firm and translucent, 
with some circular. horizontal wrinkles on the 
surfacc, The pinkish abdomen is seen embedded 
in the upper hall of this stalk-like part ol thc test 
and blaod vessels extend through the lower half. 
Basally the test is produced into a mass of short, 
branched root-like structures to which sand 
adheres, sometimes larming a rounded, sandy 
hold-fast at the posterior end of the body. 

The apertures are on shart siphons close 
together, on the anterior free end of the body. 
I he delicate test al the thorax is produced into 
6 rounded lobes around cach aperture. The 
branchial siphon sometimes ts turned ventrully, 
although the thoracic test of the present specimens 
is usually too mutilated and crushed to determine 
the actual orientation ol the apertures. 

In these preserved specimens there is sometimes 
a trace of reddish pigment in the text, and there 
are yellow lines along cach siphon alternating with 
the lobes around each aperture, 

Intersar Steuen e Zooids sre delieate with 
a relatively large and diaphanaus thorax and a 
slightly longer abdomen. The club-shuped abdo- 
men hits a narrow oesopbageal neck which is abaut 
the same length as the swollen. rounded pasterior 
end of the abdotnen which contains the stomach 
und gonads. 

The narrow thorax tapers posteriorly. It has 
about 20 fine longitudinal muscles, about half 
Irom the branchial siphon and half from the atrial 
siphon. These continue as a hand along each side 
of the sbdomen abruptly converging posteriorly 
hefore terminating in a flat disc. ane cach side 
of the mid-dorsal linc just anterior to the origin 
ol the test vessel. No transverse muscles were seen 

At the base of the branchial siphon arc about 
24 fine pointed tentacles, the largest. ones 
alternating with the smaller ones. The flask-shaped 
neural gland has a short, wide duct with u simple 
circular opening. 

About 12 internal longitudinal vessels on each 
side of the branchial sue extend the length of the 
sac and are supported by papillae. There arc no 
secondary papillae, l'here are about 60 rows of 
stigmata und ubout 4 stigmata per mesh. 

A simple, vertical gut loop is firinly embedded 
in the test with the relatively small, oval stomach 
(sometimes stretched vertically) about half-way 
down the descending limb. The stomach has a 
suture linc hut folds were not detected. he anus 


Opens about twa thirds ofthe way up the branchial 
sac. ^ long tubulur ovary and numerous male 
follicles are crowded into the gut loop. 

The posterior abdominal test vessel branches 
in the stalk and the terminal hranches extend into 
the basal root-like projections. 


Rrmarks, Generally these present zooids 
conlorm with the deseription given hy Sluter 
(1904). 

Sluiter thought individuals possibly were joined 
together by a basal stolon. However. enough 
individuals exist in the present collection to 
establish this docs not happen: the species is a 
solitary one. All Rhopalaea have the same narrow 
waist and their abdomina firmly bedded in solid 
basal test, however, the branches ol the pastenriar 
abdominal vessel. and the basal roots of the 
present species arc distinctive. Muscle bands occur 
an the abdomen in Rhopalaea nordgaardi (sec 
Arnbück 1927). but not in AR. crassa n R. 
neapolitana. Rhopalaea tenuis is further distin- 
guished by its very much narrower thorax, and 
fewer thoracic muscle bands and stigmata. 

Abdominal muscles. with their circular terminal 
disc, appear similar to thosc of the colonial 
Syndiazona chinensis l'okioka 19552 from the Kei 
Is, the Philippines and the Fast China Sea (sec 
Millar 1975). 


Genns Pseudodiazona Millar. 1963 


lype species; Pseudodiuzona sabulosa Millar. 
19434 (< Pretopolyclinum claviforme Kott, 1963). 


This rarcly encountered diazonid genus is 
characicriscd by the presence ol à long posterior 
abdomen containing epicardium, gonads und, at 
the posterior end. the heart, It has the diazonid 
characters of internal longitudinal branchial 
vessels, 6 branchial and 6 atrial lobes. and the 
anns opening anteriorly at the base al the autero- 
dorsal atrial aperture. Stomach is smooth, and, 
possibly as an artifact of its preservation, it 
sometimes is compressed into ú quadrilateral 
shape in section. Longitudinal muscle bunds 
extend the length of the zooid, fram the siphons 
to the end of the posterior abdomen. Zooids are 
completely embedded in common test. 

A posterior abdomen (present in this genus and 
in Frlobranchion) suggests an aflinity with the 
Polyclinidae. Kott (1963) accordingly included it 
in. Protepolyelinum Millor. 1960 (Euherdmanii- 
nae) hy expanding Millar's deliniiion af Proto: 
polyelinum 1o include species with complete 
internal longitudinal branchial vessels as well as 
those which had only remnants of those vessels 
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in the form of papillae on the transversc vessels 
(as in the type species P. pedunculatum Millar. 
1960 from New Zealand). Later in the same year 
Millar (1963a) described Pseudodiazona sabulosa, 
in the family Diazonidae on the basis of its 
complete internal longitudinal vessels, and close 
relationship to the Antarctic Ty/obranchion — 
which also has a posterior abdomen. 

Millar did not comment on the similarity of 
his species to Protopolyclinum claviforme Kott, 
with which it is here considered to be conspecific, 

Pseudodiazona has affinities with Euherdma- 
niinae through Protopolyclinum pedunculatum. 
The latter species resembles Psendodiazona 
claviformis in the shape of its body, and the course 
of the muscles. Further, although Protopolvcli- 
nui pedunculatum lacks the internal longitudinal 
branchial vessels of Pseudodiazona claviformis, 
their rudiments are present as branchial papillae. 

Patridium Kott, 1975 originally assigned to 
Euherdmaniinae, characterised by its internal 
longitudinal vessels and folded stomach, is a junior 
synonym of Pseudodiazona, the stomach Tolds 
being artefacts, 

]n addition to the type species, one other, 
Pseudodiazona abyssa Monniot and Monniot, 
1974 from the eastern Atlantic, has been described. 


Pseudodiazona claviformis (Kott. 1963) 
(Fig. 6. Plate 1d) 
Protopolvclinum claviforme Kott, 1963, p. 72, 
Pseudodiazona sabulosa Millar, 1963a, p.718. 
Patridium pulvinatum Koit, 1975, p.4. 


DISTRIBUTION 

New Recorps. South Australia (Seacliff Reef. QM 
GH2307). Victoria (Off Cape Howe, ZMC 30.9.14). New 
South Wales (Jervis Bay, QM G10100; Botany Bay, AM 
Y2149). 

PuEvioUsLY Recorpep, South Australia (Northern 
Great Australian Bight SAM E1035 holotype 
Patridium pulvinatum Korit, 1975). Victoria (Port Phillip 
Bay BM 85.11.20.34-43 Millar 1963a; Eden Kott 
1963). 

The species has been taken on rocky substrates at 
depths of 10 to 100m. 

DESCRIPTION 

ExrERNAL APPEARANCE One colony (SAM 
E1035 holotype Patridium pulvinatum) is a large 
(6cm long) gelatinous, egg-shaped, sessile cushion 
with some sand on its base. Other colonies are 
top-, fan- or club-shaped, sometimes with a lirm 
sandy stalk or basal part. and a soft, glassy 
transparent head wider than the stalk and either 
rounded or flattened across its upper surface. 
Somctimes the transparent head of the colony is 
subdividcd into a number of separate lohes of 


different diameter, and sometimes the whole 
colony is subdivided, the parts joined at the base 
of the stalk. Stalked heads are up to 3cm in 
diameter. Zooids are seen clearly through the 
glassy test of the top of the colony. Branchial and 
atrial siphons open separately to the surface by 
6-lobed apertures. 

INTERNAL STRICTURE. Zooids arc | to 4cm 
long. Thcy are divided into thorax, abdomen and 
posterior abdomen, the latter being up to two- 
thirds of the total length. Relatively short vascular 
appendages (2 or 3) extend out into the test from 
the posterior end of the posterior abdomen which 
often is thread-like, but sometimes is drawn up 
into a broad sac. The branchial aperture is in the 
centre of the anterior end of the zooid. while the 
atrial aperture is antero-dorsal. A circulur area 
ofthe antcrior prehranchial body wall surrounding 
the apertures is white and opaque in preservative 
and is highly contractile, 

The body wall is delicate and quite transparent. 
Body muscles are longitudinal, about 10 thoracic 
hands extending posteriorly along each side of thc 
ahdomen and posterior abdomen hut not onto 
the vascular appendages. Longitudinal muscle 
bands branch and bundles of fibres join adjacent 
bands, to form a wide open and irregular network 
on each side of the thorax. Commissures between 
longitudinal muscles alter spacing of the longi- 
tudinal bands. In some contracted zooids the 
bands are evenly spaced, extending more or less 
parallel to onc another, In others, muscle bands 
curve in an arc from the anterior end, posteriorly 
along the ventral horder of the thorax and then 
dorsally, where they are crowded together before 
extending onto the abdomen, In this latter 
condition, the dorsal border where the muscles 
are crowded together is strongly contracted and 
more or less concave whilc the ventral border is 
not and extends out in a wide convex arc. 

The branchial sac has from 17 to 22 rows of 
stigmata, with up to 20 per row. About 20 internal 
longitudinal branchial vessels are supported.on 
short papillae which do not project above the 
internal longitudinal vessels. The narrow oesopha- 
gus opens into a long stomach about halfway down 
the abdomen. The stomach is smooth extcrnally, 
but internally its glandular cpithelium has 
longitudinal and irregular interruptions. There is 
a duodenal area distal to the stomach and a 
conspicuous oval posterior stomach in the 
descending limh of the gut. The rcctum extends 
anteriorly to the base of the atrial siphon. 

Gonads consist of numerous male follicles and 
a relatively large ovary. A large number of eggs 
are somctimes arranged in a single series in thc 
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Vi. 6. Preudedtacona caviformis: af. two views of the one colony (SAM EI035): c thorax (SAM E1035): 
d. whole zooid. with gonads (ZMC): e. whole zooid without gonads (SAM E1033); Rg. stomach, and posterior 
end of the gut loop (SAM 11035). Scales: a,b, 5mm; c,e-g. 0.5mm; d, imm. 
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oviduct. In the relaxed. posterior abdomen male 
follicles are arranged serially. However, when 
contracted, they are bunched anteriorly (ZMC 
30.9.44). 

Re marss. Generally, examination of the newly 
recorded specimens confirms the carlier descrip- 
tions. Although Millar 119633] has not recorded 
the rather conspicuous. branching of thoracic 
muscles. his specimens have the same numbers 
and arrangements of muscles. branchial and atrial 
siphons, tows of stigmata, inner longitudinal 
hranchial vessels, the same stomach lining, 
anteriorly situated anus, and similar colonies with 
a glassy transparent and expanded head through 
which the embedded zooids can be seen. 

The species most closely resembles the Antarctic 
Tylobronchion speciosum (see Kott 1969), 
differing principally in the pasition of the heurt 
al the end of the posterior abdomen. 

Re-examination of the holotype of Purridium 
pulvinatum Kou, 1975, has shown its ¿ooids to 
be identical with those of the present species. It 
has the same body proportions. musculature. 
branchial sac and the same contractile area around 
the siphons, which, in conteucted specimens, 
flattens the anterior end of the soaoid. Kort 11975) 
completely misinterpreted the stamach structure 
in these zooids. reporting the stomach as having 
folds. In fact. the stomach is the same as that 
in other specimens of Pverdodíiazona. being 
basically smeoth, but may become folded in same 
of the preserved zouids. The colony of Kott's 
(1975) species is large in comparisan with recorded 
specimens of P. claviformis. However. in a 
specimen lot (GH2307) [rom St Vincent Gulf a 
reduction in the length ot the stalk occurs as colons 
size increases. The solt top of the colony appears 
to overerow the stalk a trend tbat probably 
culminates in large sessile colonies such us the one 
from the Great Australian Bight (SAM T1035). 

Millar (19634) noted the strony similarity 
between the present species and Homoendistoma 
longigunu Tokioka. 1959 from Japan. lhe 
colonies are the same with a sandy hasal portion 
and a soft upper "corona! or head, Although 
Tokioka has not described muscles on other parts 
of the body. the arrangement of the thoracic 
muscles in his specimens is similar to that in the 
present species. The anal opening (opposite the 
Dith row of stigmata; Millar I963a), as m all 
diazonids is well anterior near the base ot the stil 
siphon, and there are ocelli in the lobes of the 
atrial siphon (overlooked in the branchial 
siphon?). Another point of similarity is the large 
number ol eggs serially arranged in the oviduct 

a character ohserved in the two other specimens 


E 


in which gonads are developed (Kon 1963, and 
in the newly recorded specimen tram Cape Howe 

ZMC 30.9.14). However. Tokioka Japanese 
species, even il it is lound to be a diazonid species. 
seems more robust than the present species from 
Australia, and has morc thoracic muscles. Further 
the two species are separated from one anothes 
by the Iropics. 


Famüy CLAVELINID AL Forbes and Hanlev, 
LEJK 


The family contains solitary and colonial species 
with zaoids ranging from the small (less than Heri 
long) zooids of Clarefina minuta Tokioka, 19602 
wilh only 3 rows of stigmata. up to large (10cm) 
diavonid-like sooids (e.g. C. meridionalis. €. 
ostrearitan and others) with very numerous 
branchial stigmata, Although replication always 
occurs, same species haye solitary zü0ids while 
others reflect diflerent degrees of organization. 
from irregular colonies with separate or partially 
embedded zooids connected by basal stalons or 
hasal fest, to. completely embedded coords 
regularly arranged in regularly shaped. stalked 
colonies {Clavelina baudinensis- C. pseudohaudi- 
nensis and the genus Nephtheis). 

Familial characteristics are smooth bordered 
apertures opening separately lo the exterior; 
absence ol internal longitudinal branchial vessels, 
wide horizontal membranes between the rows ol 
stigmata; ard a well developed posterior abdom- 
inal vascular stolon with mesenchymal septum. 
The vascular stolon hranehes in the basal test, 
and the terminal hranches end in ampollae from 
which. usually following their enlargement and 
isolation [rom the viescular stolon (Berrill [935b, 
1950), vegetative zaoids develop. In some solitary 
species clones separate fram one another and from 
parental zooids following their lormation (e.g. 
Clavelina miniata Watanabe and Tokioka, 1973). 
In others the adult zomd is resorbed and new 
2zooids develap from the isolated terminal 
ampullae that persist in the stalk. Thus in the 
former case clones exist contemporaneously and 
in the latter case they exist sequentially. Ouly in 
the venus Nephithieis is the vascular apparatus 
modified. 1n this genus it forms a complicated 
network in the stalk. The site of replication is 
localised at the top. rather than at the hasc ol 
the stalk and the terminal ampullae are not Isolated 
Irom the network at any stage ol the replicative 
process. 

As in Diazonidae, the test is translucent. and 
gelatinous, and the body is divided into thorax 
and abdomen the latter occupied by the vertical 
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gut loop. Post-mortem colour changes resulting 
[rom oxidation of high levels of intracellular 
vanadium usually result in dark blue zooids. 

Body muscles of the Clavelinidae are grouped 
into longitudinal and oblique bands. The more 
ventral bands are oblique, extending from the 
endostyle (rather than from the branehial siphon) 
toward the postero-dorsal eorner of the thorax. 
where they extend along the abdomen. More 
dorsal bands arc usually longitudinal, extending 
from the branchial siphon, the intersiphonal 
region, and, sometimes from the atrial siphon. 
onto the abdomen. Sometimes muscle bands from 
the branchial siphon, the intersiphonal region and 
the endostyle extend to the dorsal border of the 
body where they appear to fade out as they turn 
posteriorly, apparently not extending onto the 
ahdomen. These are described helow as transverse 
museles, although their provenance, from the 
primarily longitudinal and oblique musculature of 
the Clavelinidae, is clear. In relaxed thoraces, 
muscle bands subdivide into scparate bundles, 
exchanging branehes with one another, In 
contracted thoraces these hranchcs draw the 
separate bundles together causing an apparent 
decrease in the number of muscle bands resulting 
in apparent intraspecific variation in the numbers 
of musele bands recorded for each species. In the 
descriptions that follow, the formula developed 
hy Tokioka and Nishikawa (1976) has been used 
10 describe the musculature of clavelinid species. 
E refers to muscle hands extending from the 
endostyle, B to muscle bands from the branchial 
siphon, D to muscle bands from the intersiphonal 
space between the branchial and atrial apertures, 
and A refers to muscle bands from the atrial 
siphon. In species with largely longitudinal 
museles, the thorax becomes short and wide with 
their contraction. Where muscles are primarily 
oblique, their contraction causes distortion of the 
thorax. drawing the branchial siphon and 
endostyle down leaving the atrial siphon at the 
top of the zooid. Zooids with transverse muscles 
become long and narrow when contracted. 

The length of the abdomen relative to the thorax 
varies from specics to species, although the 
stomaeh is usually at its posterior end. The anal 
aperture is some distance up the branchial sac as 
in the Diazonidae. 

Gonads are present in the posterior end of the 
gut loop. Eggs are relatively large and numerous 
(larger than in Diazonidae). The large eggs 
protrude from the ovarian wall and are rather 
loosely grouped together amongst the male 
follieles. Thc testis consists of numerous pear- 
shaped follicles. surrounding the ovary and 


spreading onto the gut wall. In some species 
fertilisation takes place in the peribranchial cavity 
where development proceeds. In others, fertilisa- 
tion is in the distal end of the oviduct, which duly 
expands and protrudes from the posterior end of 
the thorax to form a brood pouch in which 
embryos begin development completing it in the 
perihranchial cavity bcfore their release as tailed 
larvae. 

Most larvae have a large trunk (0.7 to 1.5mm 
long), usually with 3 large. triradially arranged 
adhesive organs, one dorsal and 2 ventral, at the 
anterior end of the trunk. The adhesive organs 
are on short, wide stalks and usually consist of 
a shallow cup ol epidermal cells containing a wide 
but fairly shallow protruding cone of columnar 
cells. These increase in length toward the centre 
to form the cone. Occasionally the epidermal eup 
is absent (Clavelina baudinensis), and in several 
species the adhesive organs are much modified 
(see C. dagrsa). The adhesive organs are supported 
on a stalked frontal plate. The stalk of the frontal 
plate is horizontal, extending from the posterior 
abdominal end of the oozooid. The plate is more 
or less flattened and stands vertically against the 
anterior end of the oozooid. Frontal plate and 
stalk, together with the developing oozooid, are 
all in the larval trunk and enclosed by test. An 
otolith and an ocellus are in the cerebral vesicle. 
Usually the tail encircles thc trunk around the mid- 
line. Anteriorly it passes up between the 2 lower 
adhesive organs and to the right of the upper one. 
Two, 4, or more, rows of stigmata develop in larvae 
before their liberation, However the gut loop is 
only partially differentiated and completes its 
development after larval rclease. 

Despite the general similarity of clavelinids and 
diazonids, a eionid-like ancestor is most likely for 
Clavelinidae, for in Ciona a similar mesodermal 
septum develops in the posterior abdominal 
vascular stolon (Millar 1953a) and in some cases 
the stolon itself is well developed (e.g. in Ciona 
intestinalis longissima and C. intestinalis gelati- 
nosa; see Van Name 1945). In Diazonidae the 
posterior vascular stolon ncver has a mesodermal 
septum, and an origin from some pre-cionid 
ancestor, through exploitation of the regenerative 
capacity of the epicardium for replication is 
possihle: while Clavelinidae exploited the mesod- 
crmal septum of Cionidae for the same purpose. 

Pycnoclavella Garstang, 1891 and a new 
monotypic genus Euclavella (type species Colella 
claviformis Herdman, 1899) are separated from 
Clavelinidae by their invaginated. tubular, larval 
adhesive organs. This suggests a different origin, 
but probably also from a cionid ancestor. These 
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genera are further distinguished [rom Clavelinidae 
by their smaller zooids, fertilisation at the base 
of the oviduct, smaller gonads, and probably a 
different method of replication ~ viz. horizontal 
division of the abdomen (see helow). Stomozoa 
Kott, 1957b, also previously thought clavelinid, 
has many characters separating it from this family 
(see below, Stomozoidae). Archiascidia Julin, 
1904, Irom the Mediterranean, previously thought 
a monotypic clavelinid, is probably a synonym 
of Pvcnoclavella. 

Only 2 genera of the Clavelinidae are recognised 
in the present work, viz. Clavelina and Neplitheis, 
separated from one another by the vascular 
network in the latter. Records of Nephtheis 
(monotypic) are at present confined to the tropical 
western Pacific. Clavelina, a relatively diverse 
genus with a cosmopolitan range is well repres- 
cnted in Australian waters. Records of the family 
from the Antarctic are confined to a single zooid, 
probably in the genus Clavelina (see Kott 1969, 
Podoclavella sp.); and affinities of Australian 
representatives of thc genus are probably with the 
tropical fauna. 


Genus Clavelina Savigny. 1816. 
Type species: Ascidia lepadiforinis Mueller, 1776. 


The genus is here defined as comprising solitary 
or colonial species of the Clavelinidae in which 
the zooids are connected by basal stolons, or 
completely or partially embedded in common test. 
The thorax is large with not less than 4 rows of 
stigmata and not less than 20 stigmata per row. 
Posterior abdominal vascular stolons branch but 
do not form a network. Replication is from 
isolated terminal ampullae of the vascular stolon 
in the basal test. Eggs are fertilised and bcgin 
development in the distal part of the oviduct which 
is enlarged to form a brood pouch at the postero- 
dorsal corner of the thorax or in the anterior part 
of the abdomen; and they continue their devel- 
opment in the peribranchial cavity. 

Savigny (1816) defined this genus as having a 
stalked body, branchial and airial openings 
without lobes, with neither folds nor papillac in 
the branchial sac, with languets on the dorsal 
lamina, and with an abdomen containing the gut 
loop and ovary posterior to the thorax. Milne 
Edwards (1842) added its capacity to replicate to 
thc generic definition. This generic definition is, 
in fact, a recitation of family characteristics. 
Clavelina, as defined, includes a wide range of 
forms from the solitary zooids of C. meridionalis 
to massive colonies. 

The type species, Ascidia lepadiformis (Mucller, 


or 
ou 


1776), has, in addition to other clavelinid 
characters, separatc zooids arising from common 
basal test. Podoclavella Herdman, 1890 was 
subsequently erected to accommodate solitary 
species such as Clavelina meridionalis; and 
Stereoclavella Herdman, 1890 accommodated 
species such as C. australis with separate zooids 
but with the basal test forming a solid mass or 
common stalk. Synclavella Caullery, 1900, was 
erected to accommodate clavelinid species in 
which the zooids were completely embedded. 

Subsequently Van Name (1945) and Berrill 
(1950) drew attention to the difficulty in separating 
gcncra on the basis of the degree to which their 
zooids were separated, a view with which the 
present author is in agreement. 

Huus (1937) separated Podoclavella and 
Clavelina on the basis of the presence of structural 
ridges on the stomach in the latter genus. However, 
again, the attempt to subdivide the genus was 
unsatisfactory and prohahly invalid — Clavelina 
lepadifornis has a stomach that is rectangular in 
section but there do not appear to be any structural 
ridges. Nishikawa and Tokioka (1976, p. 63) in 
a review of some elavclinids in Japanese waters 
observed, that ‘the feature of the stomach secms 
to differ considerably according to the physiolog- 
ical state of the zooids'. In the present study, the 
presence of structural ridges in the stomach is 
variable in C/avelina meridionalis, C. moluccensis. 
and C. robusta n.sp. 

Accordingly there does not appcar to be any 
justification for the subdivision of Clavelina as 
originally defined either on thc basis of its stomach 
or the degree to which its zooids are free or 
embedded, Accordingly Podoclavella, Stereocla- 
vella and Synclavella as well as Chondrostachys 
MacDonald, 1858 are regarded as junior syn- 
onyms of the genus. 

Of the 14 species of Clavelina recorded from 
Australia, C. australis, C. baudinensis, C. 
cylindrica, C. dagvsa, C. mirabilis, C. ostreariun, 
C. pseudobaidinensis and C. nigra n.sp. are 
indigenous Australian spccies and arc all temper- 
ate. Claveliua arafurensis, C. fecunda, C. nioluc- 
censis, C. meridionalis, C. robusta n.sp and C. 
oliva n.sp. are tropical western Pacific species. 
although C. moluccensis has a range into 
temperate Australian waters. 

The genus is not known from the Antarctic and 
the affinities of Australian specics are with tropical 
taxa. Australian indigenous species are temperate. 
hut they have recognizable phylogenetic affinities 
with tropical, possibly sister, species biz. 
Clavelina australis with C. robusta; C. cylindrica 
and C. nigra n.sp. with C. woluccensis, C. dagysa 
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und C. ostrearium with C. oliva asp, Generally. 
the species appear to be prolific. the large /ooids 
incubating large numbers of embryos. When 
Vherated, the larval trunk is large and both adult 
organs and adhesive apparatus are well developed 
hut the tail does not suggest a strong swimming 
capahility. Lack ol dispersal may explain the high 
level of speciation evident in Australian temperate 
waters. 


KIA roO 100 Sanso Craters 
RECORDED LROM AUSTR MIA 
|. Colonial. the colony regular and rope-like; 
a short narrow cylindrical neck separates 
cach /ooid from the common test mass .. 


rope-lihe: no short, narrow. cylindrical 

neck separates zooids Irom the common 
TESUHMESS ee coeurs ERU IRURE ae 

2. Zovids partially or completely embedded in 
COIDnImondte st o mtm vus saisie ets ara 
Zooids solitary o1 united only by thin vascular 

sho Sapa ea e EE er an asas 4 

3. Zooids not almost camplelely embedded (at 
least whole of thorax projecting). li... .7 
Zooids. almost completely embedded. (not 
more than anterior part of thorax 
project) vie cree ere Aa e 

4. Zooids Jong, extending to base of stalk: 


vascular appendages short .......... Asta) 
Zvoids long or short, never extending to base 
of stalk; vascitar appendages long ..... 6 


al 


Stalk thin und leathery 5... .. C, oMrearium 
Stalk not thin and feathery ...... C. dagrsa 
6. Trausverse muscles present auteriorly: 
oblique muscles posteriorly ............ 

PAUUO AU Ub 75 2 C. meridionalis 
Transverse muscles not present. anteriorly; 
muscles longitudinal and oblique ...... s 

NE 350 pm SIX I EIE C. oliva n.sp. 

7. Thoracic muscles all transverse; muscles 
inconspicuous on the abdomen ........ & 
Thoracic muscles not all transverse; muscles 
conspicuous on the abdomen....... Sie 

& Pigment patches in à transverse row ol 3 
hetween the upertures .... C. moluccensis 
Pigment patehes not in a transverse row of 

3 between the apertures... C. nigra n.sp. 

9, Oblique muscle bands < twice the number 
of branchial muscles (E 2B). .. C. fer unda 
Oblique muscle bands > twice the number 

of hranchial muscles (E > 2B) ........10 

10. Thoraces only Iree of common test........ 
Re 5 MEE coto. Ae id LAS 
Thoraces and at least part of abdomen free 


patches alternate with apertures ........ 
E TE ¿uh am e a s aC UUSA 
Thoracie muscles about 20; no median 
pigment patches alternating with aper- 
ES snn... sree ee e PUNUE 


12. Muscle bands all longitudinal ........ m 
eer vis EP so. ¿Pasa C. haudinensis 
Muscle bands not all longitudinal....... 13 


13, Colony a regular mushroom-shape ........ 
ss ucap rs e a CA ISU MILO DOUCLIONSLY 
Colony not a regular mushroom-shape .... 
Met A I M C. arafurensiy 


In addition to the species already recorded from 


Australia, the lollowing have been recorded Irom 
the western Pacific region and may occur in 


Australian waters, 

Clavelina coerulaea Oka, 1934 from Japan has 
a colony that resembles tbat ol C. viola, its 
zooids being separate and narrowing to their 
points of attachment to the hasal stolons (sec 
Nishikawa and lokioka 1976). Although, its 
musculature generally resembles that ol C. 
moluccensis, having neither oblique. nor 
longitudinal muscles, it has a few anomalous 
muscles that cross the thorax From the atrial 
siphon in the opposite direction to the majority 
of the muscle bands. Living, the species is 
translucent blue with darker bluc bands around 
the apertures, 

Clavelina cycha Vokioka and. Nishikuwa, 1975 
from Okinawa and the Philippines (QM GH475) 
consists. ol zooids partially embedded in 
common test, with a muscle formula 4F, 8B, 
2D (Nishikawa and Tokioka 1976). In life these 
fooids are grey with à white band around the 
base of the branchial siphon. their colour 
resembles that of the 200ids of C. nigra n.sp. 
Phe species are clearly distinguished by their 
muscles which, in C. nigra, are all transverse. 

Clavelinu elegans (Oka, 1927a) from Japan (sec 
Tokioka and Nishikawa 1976, and Nishikawa 
und Tokioka 1976) has zooids of 2 to 3cm joined 
by common basal test, with muscle formula 4 
GF. 4B, 2 4D. All muscle bands extend ulong 
the abdomen, The species resembles C. fecunda 
in its colony and zooid musculature. C. elegans 
is distinguished hy its larger zooids and larvae 
and by the absence of yellow in the living zooids. 

Clavelina enermis Merdman, 1880, Iram tbe 
western Indian Ocean and South Alnca. has 
long (Sem) zootds attached to branching stolons 
or to a comman basal stalk. [t resembles C, 
australis, but is distinguished from it by a 
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relatively small number of endostylar muscles 
(4) and a leathery basal stalk. 

Clavelina niiniata Watanabe and Tokioka, 1973 
from Japan has solitary zooids that separate 
from the parent zooid immediately following 
replication. The longitudinal and oblique 
muscles are equally numerous, distinguishing 
the zooids from those of Clavelina oliva n.sp. 
which has more oblique than longitudinal 
bands. 

Clavelina minuta Tokioka, 1962 from Japan has 
only 4 rows of stigmata and is clearly distinct 
from all other species. 

Clavelina obesa Nishikawa and Tokioka, 1976 
from Japan and the Philippines (QM GH523, 
GH554, GH560) has rather stout zooids up to 
2cm that, like C. viola, are attached to basal 
stolons. However C. obesa does not have the 
tapering stalk of C. viola, it is much smaller 
and its muscles are principally transverse, 
confined to the thorax. !n the latter character 
it resembles C. moluccensis but it has fewer 
muscles, and in life it is bluish-white without 
the characteristic pigment patches of C. 
moluccensis. 

Clavelina viola Nishikawa and Tokioka, 1976 
from southern Japan and the western Pacific 
(Nishikawa 1984) forms colonies of zooids (up 
to 4cm long) that narrow to basal stolons. The 
zooids closely resemble those of Clavelina oliva 
n.sp. which, however, is distinguished by its 
solitary or near-solitary habit. 


Podoclavella polycitorella Tokioka, 1954a from 
the Tokara Is and the western Pacific (Nishikawa 
1984) has a polyclinid larva (Nishikawa /oc. cit.), 
and may be a species of Euherdmaniinae with 8 
rows of stigmata. 

Clavelina flava Monniot, 1988 from New 
Caledonia has thread-like zooids with a long 
oesophagus, the anus opening at the base of the 
atrial cavity, small ovary, large testis follicles and 
embryos developing in the oviduct — all characters 
indicative of Prcenoclavella or Euherdmania rather 
than Clavelina. Further, the larvae lack thc axial 
cone of the adhesive organs of Clavelina. They 
may have partly everted tubular adhesive organs. 
The ocellus is large. and although an otolith is 
reported, it is not shown on the figure (Monniot 
1988, fig. 3H). Colonies resemble those of 
Pycnoclavella arenosa n.sp., with sand adhering 
around the common stalk. However, zooids have 
more stigmata — 10 to 12 rows instead of the 
maximum of 6 (in P. arenosa), the stomach is 
folded rather than smooth as in Pyenoclavella, 
and the siphons have lobed rather than smooth 


rims. Thus, although the species has gonads in 
the abdomen, it appears to have closer affinities 
with Euherdmania than Clavelina or 
Pycnoclavella. 


Clavelina arafurensis Tokioka, 1952 
(Fig. 7. Plate le.f) 
Clavelina (Synclavella) arafurensis Tokioka, 1952, p.97. 
Nishikawa, 1984, p. 116, 


DISTRIBUTION 

New RrcoRps: Western Australia (Exmouth Gulf, 
QM G11987 8), Philippines (QM GH449 GH478). 

Previous_y Recorpep: Arafura Sea (Tokioka 1952). 
Truk (Nishikawa 1984). 

The colonies are found under ledges. 


DESCRIPTION 

EXTERNAL APPEARANCE: The colonies consist 
of lobes containing up to I2completely embedded 
zooids extending parallel to one another to open 
on the upper surface where they project slightly. 
Lobes up to lcm high and about 0.5cm in diameter 
branch off an irregular, branching, basal stalk. 


Fic. 7, Clavelina arafurensis: a,b, colonies (QM GI1988 
GI1987); e, zooid (QM GI1987); d, anal border, 
opened out and entire (QM G11987). Scales: a,b, 
2mm; c. Imm. 
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The glassy, upper thoracic portion of each lobe 
is slightly wider than the firm, translucent basal 
part. Vascular stolons af the zoaids extend 
through the basal stalk, where new vegetatively 
produced zooids grow up into new, vertical zooid- 
bearing lobes. 

In lite zooids are purple with regular bright 
vellow triangular patches on each side of the dorsal 
midline between the siphons. The apex of each 
patch is at the side of the atrial siphon, and the 
rounded base of the triangle spreads around the 
base of the branchial siphon. There may also be 
a yellow streak along the dorsal surface. 

InvrRNAL Structure: Zooids are relatively 
small. about 0.6em long. of which thorax, 
oesophageal neck and posterior expanded part of 
the abdomen are all about ane third. Apertures 
are on short siphons, the branchial aperture turned 
slightly ventrally and the atrial aperture directed 
upwards, About [2 muscle bands on the thorax 
have formula 6E,A4B,2D. These extend along the 
abdomen. There are about 32 tentacles in 3 
coneentric circles with the 8 large tentacles near 
the base of the branchial siphon, 8 moderate sized 
tentacles in the middle circle. and 16 small ones 
in the anterior circle, The neural gland opening 
is long and vertical, protruding slightly into the 
pharynx. 

There are 12 to 16 rows of 20 to 30 stigmata. 
The oesophagus is long, prestomach absent. and 
the large, roomy stomach is in the anterior half 
of the posterior third of the zooid. It bas 4 or 
more, sometimes irregular, rounded folds, 
apparently artefacts. A small, oval posterior 
stomach occurs before the gut curyes around to 
open into the rectum at the posterior end of the 
zooid. The anal opening is bilabiate, the mesial 
lip with irregular. shallow lobes and the lateral 
lip with 2 smooth lobes. Gonads are present in 
the gut loop, although the newly recorded 
specimens are not mature. Larvae are unknown. 

Remarks: Colonies and zooids, including 
pigmentauon of the newly recorded specimens, are 
identical with those previously recorded from the 
Aratura Sea. The species has smaller 2001ds than 
is usual for many species of Clavelina, and colonies 
are less regular than is usual for species with 
completely embedded 7aoids. The stomach 
resembles that of Clavelina oliva nap. but is 
further toward the posterior end of the abdomen, 
The arrangement of the thoracic muscles also 
resembles that in C. oliva, however they are not 
so numerous, Zooids and their muscle bands also 
resemble those ot C. elegans. However. the small 
completely embedded zooids and irregular colony 
together distinguish this species from all others. 


Clavelina australis (Herdman, 1899) 
(Fig. S, Plate 2a—c) 
Nrereaclavella australis Werdman, 1899, p. 6. 
Podoclavella australis: Kou, 19572, p. 93(part. specimen 
from Port Jackson); 1972c. p. 234; 19724. p. 242. 
Not SNvnelavella australis: Caullery, 1900, p.1419 (7 =< 
Clavelina pseudobaudinensts), 


Dis raion 

New Recorps * Victoria (Western Port, MV 
F53399), New South WalesttUlladulla. QM GIIS Port 
Hacking. AM Y2142 Y2145 Y2|54-5). Queensland 
(Moreton Bay, QM (9250 9253-4 69256 GH 3890) 

Pirviousty Rreoosgptes New South Wales (Part 
Hacking AM Y%14 Kon 1972c; Port Jackson 
holotype AM U132, AM G63. Herdman 1899, Kolt 
19573) 


DESCRIPTION 

EsirRSAL APPEARANCE. Colonies vary from 
top-shaped with a thick stalk, the upper Tem ol 
the zonids tanning aut from the upper surface ol 
the stalk in which the posterior ends of zooids 
are embedded; to massive colonies in which the 
whole length of the long cylindrical zooids (up 
to 4cm) are separate from one another arising Irom 
a basal plate of common test about 4mm thick, 
Both sorts of colony have been taken from 
Moreton Bay. However, the latter type in which 
the 2ooids are separate from one another has been 
taken only from Moreton Bay. 

Living colonies are always conspicuous. with 
yellow to yellowish-blue zooids in transparent test 
with three large bright blue patches in the median 
line — one over the anterior end of the endostyle. 
one between the siphons and one posterior to the 
base of the atrial siphon. There is a smaller patch 
of bright blue over the anus and white spots on 
anterior parts of the test, 

INTERNAL STRUCTURE Zooids arc robust, with 
a relatively long, narrow oesophageal neck joining 
the thorax to the expanded (and often embedded) 
posterior end of the abdomen (containing the 
stomach. gui loop, gonads und heart) Body 
muscles are strong. although not parucularly 
numerous, with the formula 7E,2B.2D. They 
continue to the posterior end of the abdomen, 
those on the left extending around to the ventral 
border and those on the right extending dorsally 
behind the stomach. There are 12 short, stumpy 
branchial tentacles. The vertical slit opening of 
the neural duct protrudes slightly into the pharynx, 
There are 14 to 18 rows of 50 to 75 stigmata 
Phere is no prestomach, and the stomach is about 
three quarters ol the way down the abdomen, Ii 
has a suture line and sometimes wraps around 
each side of the intestine. The anus opens into 
the posteriar-rhird of the atrial cavity. Gonads ure 
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Fic. 8, Clavelina australis: a, colony (QM G9253); b. contracted zooid in test (QM GH3890); c, extended zooid 
(AM Y814); d, larva (QM G9253). Scales: a, 2mm; b,c, Imm; d, 0. 1mm. 
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in the gut loop, male follicles, as usual, covering 
and obscuring the ovary. 

When breeding, up to 100 embryos are present 
in a brood pouch that extends across the posterior 
end of the right side of the thorax from the postero- 
dorsal corner. Embryos complete their develop- 
ment in the peribranchial cavity. Colonies from 
Port Hacking (AM Y84) in June have embryos 
in the brood pouch and atrial cavity in June. 
Moreton Bay populations collected in May and 
July also have embryos, although those from 
Ulladulla in July do not. 

Larvae are smaller than is usual for this penus. 
The trunk is about 0.7mm long. with the tail 
wound about three quarters around it. Sometimes 
the tail crosses the anterior end of the larva from 
left to right forcing the 2 adhesive organs on its 
left upwards and the one on its right downwards. 
The frontal plate is well developed, with slight 
lobes alternating with adhesive organs. Adhesive 
organs have a shallow epidermal cup surrounding 
a wide, shallow axial cone. 

Remarks: The spccies is large, with long zooids, 
resembling those of the new tropical species C. 
robusta n.sp. The species are distinguished by their 
musculature, pigmentation and larvae. Larvae of 
the present species are much smaller than those 
of the new species. The large zooids of the present 
species also resemble those of some larger 
specimens of C. moluccensis. The longitudinal and 
oblique muscles distinguish it, C. moluccensis 
having conspicuous transverse muscle bands only. 
Clavelina moluccensis can also be distinguished 
from C. australis by its transverse row of 3 pigment 
patches between the siphons and by its prestom- 
ach. Living specimens of C. pseudobaudinensis 
have the same white spots in the test as the present 
species, although zooids of C. pseudobaudinensis 
are completely embedded. 

Clavelina enormis Herdman, 1880 from south- 
ern and eastern Africa (see Michaelsen 1930, 
Millar 1975) has long (5cm) zooids rising from 
a common basal mass of test that is sometimes 
modified into a eommon stalk. The species 
resembles C. australis in thc size and form of its 
colony, zooids, larvae and their brood pouch. 
However, C. enormis apparently has only about 
4 endostylar muscles, and basally the stalk 
becomes very leathery, while in C. australis the 
stalk or basal test is gelatinous and there arc twice 
the number of endostylar muscles. Further, the 
known range of C. australis suggests that the 
specles are not conspecific, C. enormis being 
recorded only from the eastern Indian Ocean while 
C. australis is known only from subtropical to 
temperate latitudes off the eastern Australian 


coast. Michaelsen (1930) recorded C. enormis 
from Oyster Harbour, Albany (Western Austra- 
lia). but again the record seems anomalous; the 
spccimen is probably one of C. moluccensis 
(known from Albany). 

A single. possibly juvenile zooid, with the 
median pigment patches and musculaturc char- 
acteristic of this spccies, has been taken from 
Western Port (Victoria) and could be of this 
species, suggesting its range may extend further 
south than Ulladulla. 


Clavelina baudinensis Kott, 1957 
(Fig. 9. Plate 2d) 

Clavelina baudinensis Kott, 1957a, p. 87 (part, specimens 
from Rottnest l. with small larvae); 1972b, p.166 (part, 
specimens from Rottnest 1.). Not Millar, 1966a, p.363; 
Kou 1972a, p.4 (€ C.pseudobaudinensis). 


DisiRiBULION 

Nrw RrcoRps: Western Australia (Rottnest 1., WAM 
30.75; King George Sound. WAM 22.87). 

PRrVIOUSI Y Recorpeb: Western Australia (Rottnest 
|I: holotype AM Y80I, paratypes AM YIII8 Kott 
1957a, 1972b). 

The species has been taken from 2 to 12m. 


DESCRIPTION 

EXTERNAL APPEARANCE: The colonics consist 
of mushroom-shaped heads of soft, glassy test, 
onto whieh the zooids open, supported on firm, 
sometimes gelatinous, but often hard and leathery, 
stalks up to 5cm long and 1 to 1.5cm in diameter. 
The lower part of each stalks divides into short 
holdfasts or long prop-like branches (WAM 
22.87). Sometimes the top of the stalk is divided 
so the head of the colony separates into lobes. 
Zooids are completely cmbedded, the test being 
only slightly raised over the upper part of thorax 
on the upper surface of the mushroom-shaped 
head of the colony. Zooids are up to 3cm long, 
and quite robust. They extend down into the firm 
test at the top of the stalk. 

Living colonies are white and translucent with 
one blue patch over the cndostyle, 3 in a transverse 
arc ventral to the base of the atrial siphon, and 
a pair (one on each side) behind the base of the 
atrial siphon. 

INTERNAL STRUCTURE: The zooid is long and 
narrow, with a large roomy thorax slightly longer 
than the posterior expanded part of the abdomen 
containing stomach and gonads. The oesophageal 
neck is long and narrow, occupying about two- 
thirds of the total length of the abdomen. Body 
musculature is unusual as both dorsal and 
endostylar muscles are absent, although there are 
2 bands with branches extending along the dorsal 
side of the atrial siphon and a branch from one 
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of these crosses the intersiphonal area together 
with a branch from one ot the branchial siphon 
muscles. Thus, the muscles are all longitudinal, 
with formula OF.9B.OD,2A, Muscles extend from 
the thorax along the length of the abdomen. There 
are 6 large, 6 middle-sized and 12 small rudimen- 


bi 9, Clavelina baudinensis: a. colony (WAN 30.75); 
b. zooid (holotype AM Y S801): e anal border (holotype 
AM YS801): d, larva (holotype AM YS01). Seales: a. 
Smm. b. Emm; ed. 0 lmm). 


tury tentacles respectively in 3 concentric rings at 
the base of the branchial siphon. The opening of 
the neural gland is a vertical slit between two 
protuberant lleshy lips. 

There are 17 to 20 rows of 50 to 60 stigmata. 
The oesophagus is long, and prestomach absent. 
The stomach, in the anterior half ol the posterior 
expansion of the abdomen, is long and narrow. 
It has a suture line, but no other structural ridges 
although in section it is more or less rectangular 
with one concave side where it lies against and 
curves slightly around each side of the intestine. 
An oval. posterior stomach enlargement in the 
descending limb of thc gut. The ascending limb 
is occupied entirely by the rectum, The anal 
opening, near the posterior end ol the atrial cavity, 
is bilabiate and each lip is irregularly lobed. 

The ovary contains lurge eggs, 0.3mm in 
diameter. These develop in the atrial cavity, where 
they are crowded in some zouids of the holotype 
(collected in November). 

Larvae are small, the trunk only 0.5mm and 
the tail completely encircles it, Adhesive papillae 
lie triradially. each a group of modified ectodermal 
cells on the end of u short stalk projecting from 
a short frontal plate at the anterior end of the 
larval trunk, 

Remarks, Kort (1976), in describing C psen- 
dobaucdinensis, relers to colonies ol the present 
species containing the characteristic small larvac. 
(rom Laverton Bay. This is an error — there are 
no colonies of C. baudinensis from that location. 
Records of the speeies are confined to the south- 
western corner of western Australia from Rottnest 
l. to King George Sound, and apparently the 
species is indigenous to that area. The species ean 
be distinguished [rom C. pseudobaudinensis 
which has a similar colony — by its unique thoracic 
musele formula, distinetive arrangement ol blue 
pigment patches. and its small larvae. There is 
no other species that eompletely lacks endostylar 
muscles, although C. fecunda has very lew. 
Nevertheless, this does not indicate a relationship 
between these two species, for they arc separated 
by many other characters. 


Clavelina cylindrica (Quoy and Guimurd, 1834) 
(Fig. 10. Plate zenn 

Polvclinum cylindrica Quoy and Gaimard. 1834, p. 
RIS. 

Chondrosiachys sp. MacDonald. 1858, p, 401. 

Chondrostachys macdonaldi Bronn, 1862, Taf. 16 figs 
1 7. Hartineyer 1909. p. 1427, 

Chondroslachys (evlindriva): Caullery. 1908. p. 229; 
1909, p.52. 

Chondrostachys cylindrica. Hartmever 1909, p. 1427. 
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Fic. 10, Clavelina cylindrica: a,b, zooids from left and right respectively showing test constriction where zooid 
attaches to common stalk (WAM 581.2.1. QM GH4068); e. 7ooid showing brood pouch with embryos (AM 
Y 1190): d. larva (SAM [:1962). Scales: a-c, Imm: d, 0.2mm. 
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Claveling cylindrica; Michaelsen, 1930, p 475, 

Podocluvellu eylindrieu: Kott: 19574. p. 91; 19724. p. 
5 (part, specimens from West I, Wright 1), 1976, p. 
56 (part, specimen from Western Port). Millar, 1960, 
p. 64: 19632, p. 716; 19663. p. 364. Not Kote 1972h, 
p.167: 1975. p.1 (< C. moluecensis). 

Podoclavella australis, Kott, 19570, p. 93 (part, specimen 
from Port Denison). 


Diseno rios 

New Recowos: Western Australia (Shark Bay, WAM 
761,83; Wookoora Station, WAM 823,83; Floutmnun’s 
Abrolhos, WAM 762.83 193.87 [94.88 223.88: off 
Dongara, WAM 763,53, Cockburn Sound, WAM 
581,2.3) 73.75 81.75 124.75 156,75 165.75 178.75 758- 
00.83 764.83 984.83, OM G9482: Shoalwater Bay. WAM 
1135.73; Mandurah WAM 85,75 867.86; Margaret River, 
866.86; Albany. WAM 28,75). South Australia (Great 
Australian Bight, SAM E1985, OM GITI279 GH4151: 
Yorke Peninsula, SAM E1961; Spencer Gulf, QM 
GH4287-8 GH4396). Victoria. (Walerloo. Bay, QM 
GHI279; Portsea, QM GH4008: Bass Strait, MV 
£53291; Wilson's Promontory, MV F53362-5. Malla- 
cota Inlet, MV F53660; Balnarring Beach MV F52658). 
Vasmanis (Bruny L, MV F53659 SAM E1902 southern 
Tasmania, TM D1922). 

Peeviousty Krconprp Western Australia (Cock- 
burn Sound Michaclsen 1930, Millar 19634, AM 
Y1187 YII90 Kott 1957a; Albany Millar 19632). 
South Australia (St Vincent Gull SAM E1986 Kott 
19722). Victoria (Hass Sirait — MacDonald 1848; Port 
Phillip Bay ~ Millar 19634, 19662; Western Port Bay 

Quoy and Gaimard 1834. Millar 1960, Kott 1976), 
Queensland (Bowen — AM Y186 Kott 1957a), 

The species is olten taken in storm debris washed up 
on beaches. The record from Queensland is anomalous, 
extending the range of this otherwise temperate species 
into. the tropics, It is possible rhat the specimen. was 
floating free in the East Australian current. The greatest 
depth from which the species has been recorded is 7m 
in Bass Strait. 

DiscRIFP TION 

EXTERNAL APPEARANCE: The rope-like colonies 
of this species are distinctive, consisting of a long 
central stem (up to 60cm or more long and 2 to 
dem in diameter) with separate zoaids crowded 
along its length. Occasionally colonies are found 
in which the central stalk is attached along part 
of its length (QM GH4068); and sometimes it is 
branched at the hase to form holdfasts. Zooids 
are short (seldom more than 1.0 to 2,0cm long) 
and entirely free, separated (rom the central stem 
by a marked constriction through which the 
vascular stolon of each zooid passes. The colony 
is sometimes attached to the substrate (weed or 
rock) by the basal (thickest) part ol the stalk. In 
life, the colony is opaque blue or blue-grey, 
Pigment patches in the median line; between the 
siphans and over the anterior end of the cndostyle 
and the anus, sometimes persist in preserved 


material, In preservative the zooids are often blue 
and the lest is always translucent. 

INTERNAL Structure: The thorax is longer 
than the abdomen, However, since muscles are 
confined to the thorax it is often contracted in 
the preserved material, and thorax and abdomen 
are about equal length. lhe thorace masele 
formula is LOE LOB AD. Although the endostylar 
muscles da not extend onto the abdomen, they 
do extend to the end of the thorax rather than 
the dorsal surface. They are oblique rather than 
transverse. Consequently their contraction both 
shortens the thorax and tends ro draw down the 
ventral surface relative to the atrial siphon. Both 
siphons are rather wide with circular muscles 
around them and are often [ling and trumpet 
shaped. 

About 24 sickle shaped branchial tentacles arc 
present, [he transverse vessels expand into 
relatively short and pointed dorsal languets over 
the dorsal sinus. There are from 9 to 13 rows of 
50 to 60 stigmata. A small, rounded prestomach 
lies about halfway down the relatively short 
oesophagus. Ihe stomach is a short oval halfway 
down the abdomen and there is also a large oval 
posterior stomach in the descending limb of the 
gut loop. The rectum extends almost from the 
pole of the gut loop at the posterior end of the 
abdomen to the base of the atrial siphon, The 
anal border i$ smooth. 

Gonads are present in the gut loop, the small 
pear-shaped male follicles spilling over around the 
outside of the loop on the lett side of the abdomen. 
A large broad pouch, lormed by the expansion 
of the oviduct at the postero-dorsal end of the 
left side of the thorax, contains developing 
embryos, seldom more than 10. all at very different 
stages of development. Some have larval organs 
fully developed and others about hall the size are 
without obvious development of organs, It js 
probable that fertilisation occurs in the brood 
pouch, 

Embryos are present in the brood pouch in 
April, November and January from Shark Bay 
and Cockburn Sound (WAM 73,75 758.53 761.83 
764.83 984.83); in September trom Albany (WAM 
28.75); in Octoher from Western Port Bay (NMV 
F53658); and in November from southern 
Tasmania (1M 11922). However, they are not 
always present al these times trom (hese locations. 
Only few specimens have been taken from May 
to August and these have no larvae. From present 
data, the species appears to breed Irom spring 
through to the following autumn. 

Larvae are large and almost spherical, the trunk 
about 1.2mm diameter. They have 3 adhesive 


THE AUSTRALIAN ASCIDIACEA 2 45 


organs, triradially arranged and arising from a 
flat frontal plate that is not expanded into lobes, 
The adhesive organs consist of a shallow cup of 
differentiated epidermal cells around a broad. 
shallow axial cone, In the early embryo, the tail 
is wound vertically around the median line of the 
larval trunk with two adhesive organs and thc 
cercbral vesicle just to its leit, and the third 
adhesive organ to the right. As the larva develops 
the tail passes horizontally across the anterior end 
of the larval trunk from lelt to right, the two 
adhesive organs on the lelt moving up to the top 
and the one on the left moving to the ventral part 
of the anterior end ol the trunk. The tail is long. 
almost completely encircling the trunk. The 
perforation in the larval test over cach axial cone 
is conspicuous in this species. 

Remarks: Kott (1957a) and Millar (1960, 1963a 
and 1966a) have suggested that this species and 
C. australis are conspecific. In fact. although both 
have 700ids with large, robust thoraces and 
pigment patches in the median line. there are many 
distinguishing fcaturcs. 

Clavelina cylindrica invariably has short 200ids, 
with an especially short abdomen arranged around 
a central common stalk; the zooids arc always 
entirely frec of thc common test, from which they 
are separated by a sharp constriction; they have 
a prestomach in a relatively short oesophageal 
region; their thoracic muscles do not extend onto 
the abdomen; and thcy have an almost spherical 
larva and a rounded brood pouch. Clavelina 
austrulis has long zooids with a long ocsophageal 
ncck and no prestomach. Zooids arise (rom a basal 
mat or stalk from which they are never separated 
by a constriction and in which they arc sometimes 
partially emhedded. Their thoracic muscles extend 
the whole length of the thorax. Fheir larva is long, 
and their brood pouch is elongate. lying across 
the posterior end of the thorax. 

Kott (1972a) confused C. cylindrica with C. 
moluccensis, as neither have abdominal muscles 
and both have a prestomach and rounded brood 
pouch. Again the constriction at the hase ol each 
separate zovid where it joins the central stalk 
distinguishes C. cylindrica. as docs the pattern of 
its median pigment patches, the course of its 
thoracic muscles and its smaller larvae. 


Clavelina dagysa (Kott, 1957) 
(Fig. 11. Plate 3a) 
Podoclavella dagysa Kott. 193572, p. 93. 
Dis rRIBU HON 


New Recorps. Western Australia (Geographe Bay, 
WAM 4.75 121.75, QM G9485) 


Purviorsi vy Rrcosolt p Western Australie (Rottnest 
I — syntypes AM YIISS. AM Y1189 YII91 Koti 19574). 

The species appears indigenous to the Western 
Australian coast- from Cape Naturaliste to Rottnest 
L The maximum recorded depth ts 20m, 


DESCRIPTION 

EXTERNAL ArprragRaNcr. The species is rela- 
tively large (up to 4em long) with a wide (up to 
lcm) thorax and a slightly narrower cylindrical 


Fia HE. Clavelina dagvsa: a, colony (WAM 121.75): h. 
solitary individual (syntype AM Y1189); ed. larvae 
showing adhesive organ trom above. and from the 
left side (syntype AM Y11581, Scales: a,b, 2mm; ed. 
0.2mm. 
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stalk. rounded basally where it is Fixed in sand 
and rubble. One specimen bas been taken (AM 
Y119]) in which two zooids are Joined. hasally, 
the posterior expanded portions of their abdomina 
being embedded in common test. The test over 
the thorax is always soft and glassy. while that 
of the abdominal stalk is liri, with sand and shell 
particles attuched posteriorly, The zooid extends 
down into the base of the stalk and the vascular 
appendages are shart. The apertures. ou short 
siphons, are large, and Nared when they are 
expanded. The branchial aperture is turned 
postero-ventrally and the atrial turned postero- 
dorsally. In lile the zaoid is unilormly blue and 
this colour remains in preservative. 

INirRNAL SrRUDCTIRI Zootds are long. the 
thorax wide and roomy, joined hy a narrow 
oesophageal neck af variable length ta the 
posterior expanded part of the abdomen contain- 
ing the stomach, gut loop, gonads and heart. Vhe 
thorax ts from half to one-third of the total length 
ul the zooid. The thoracic. musele formula is 
+20E,3B,3D. The muscles extend along the whole 
length ol the abdomen. 

There are 8 robust branchial tentacles alternat- 
inp with 8 smaller ones in a circle just anterior 
lu the larger ones. These all alternate with 
rudimentary tentacles attached to the underside 
of à branchial velum projecting slightly into the 
base of the branchial siphon, The duct ofthe neural 
gland protrudes into the pharynx and has a curved 
or straight vertical opening. The dorsal languets 
are large triangular expansions of the transverse 
membranes aver the dorsal sinus, Stigmata art 
in 24 to 30 rows of about 100. 

Phe long aesophagus extends without interrup- 
tion to the stomach in the posterior end of the 
abdomen, Phere is no prestomach, The stomach 
itsell is oval, with a suture line, but although the 
stomach collapses mto folds there ts no sign of 
any structural lolds or ridges. The rectum extends 
the whole length of the long abdomen and projects 
a short way up the thorax, the anus opening into 
the atrial cavity in the vicinity of the Fourth last 
row of stigmata. The anal border has about 20 
lohes, ‘The gonads are, as usual, in the gut loop. 
They consist of pear-shaped male follicles 
surrounding the ovary and spreading over the lett 
side of the gut loop. There is na hroad pouch 
and embryos develop in the peribranchial cavity. 
they ure present in colonies collected. in 
November 

larvae are large. the trunk being l3mm long 
with the Gal wound three-quarters of the distance 
aiuund it. They have an ocellus and an ofolith. 
The Irontal plate, supported as usual by a stolon 


irom the abdominal par! ol the inopent adult, 
is Hattened. However, the usual clavelinid adhesive 
organs are nol present, Instead. cach side of the 
frontal plate is extended into an arc ol dilferen- 
tiated epidermal cells that may have an adhesive 
function, These two ares enclose the slightly 
cunves central part ol the frontal plate. 

Remarks A colony al C. dagrsa consisting of 
2 rooids. their abdomina embedded in à comman 
stalk as recorded. ahove; [his provides evidence 
that this species, und prohably C. ostreuríiutn. 
replicate from terminal ampullac ol the vaseului 
stolon as in all clavelinids. As in C. miniata 
Watanabe and Tokioka. 1973. from Japan. 
replicated. zooids probably separate Irom one 
another ta become solitary. 

Clavelina dugysa shares many of its principal 
characteristies with the southern. Australian C. 
ostrearium, Both species have wide, roomy 
thoraces with ohligue muscle bands dominating 
the musculature: long zooids with long oesapha- 
geal necks, arid the posterior end of the abdomen 


expanding in the hase al the stalk; short vascular 


stolons; souids of the same uniform blue colour: 
and the thoracic test glassy and hatloon-like. 
sharply differentiated from the test of the stalk. 
Both species have the posterior end af the stalk 
expanded, but ii C. dagyrsa it is not hard and 
leathery and does not form a conteal holdfast as 
it does in C, astrearium ‘The species are 
convincingly separated by their larvae, which in 
C. dagysa do not have the usual clavelinid adhesive 
organs while in C osrreariim they da. Phe range 
ol these two indigenous species does not overlap 
— C dagvsq not being recorded. south of 
Ccographe Bay and C, ostrearíun not being 
recorded. west of Albany. However, they do not 
appear to be sister species, Another large and 
apparently solitary species. Clavelina brasiliensis 
(Millar, 1977) from the Brazilian Shell. has the 
same modified frontal larval plate as C. dae psa. 
suggesting that it may be a plestomorphic 
character inherited from some common ancesior 
rather than being associated with the isolation and 
speciation of the Jatter species. in Australian 
waters, 

The other large. solitary species. commonly 
found in Australian waters, Cluvelina meridiond- 
lis, is tropical and is not recorded sauth of 
Houtman's Abrolhos on the Western. Australian 
coast, His distinguished trom both C. dansa and 
C. oxtreariunm by ils long thorax, more numerous 
tharucie musele bands, relatively short zagids, 
long vascular stolon, and the absence ol the blue 
Pigmentation so elaraelerislie of the present 
species and its South Australian relative. 
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Clavelina fecunda (Sluiter. 1904) 
(Fig. 12) 
Podoclavella fecunda Sluiter, 1904. p. 7. 
Clavelina fecunda: Tokioka, 1967a, p. 101. Monniot. 
1988, p. 203. 


DISTRIBUTION. 

New RrceoRps, Western Australia (Rottnest ].). 
Queensland (Heron 1, QM GH4075 77 G114086; Lizard 
L. GH4110 1 GH4114 7). Philippines (QM GH405-6 
GH474), Northern Territory. (Stephens Rock, QM 
GH4697). 


Previorsiy Recorre., New Caledonia (Monniot 
1988). Indonesia (Sluiter 1904), Palau Is (lokioka 
19672). 

The species appears to be a tropical western. Pacific 
one. recorded from shallow intertidal waters down to 
20m in coral reel habitats. 


DESCRIPTION 

Exrernat Arprarance. Despite their small 
size (about lem long) the zooids are conspicuous 
amongst the cryptofauna because of their bright 
colour, having yellow patches each side of the 


Fic 12, Clavelina fecunda: a,b, colony (QM GH4077 and from Rottnest L); ed. 7ooids showing numerous eggs 
and incubating embryos in distal part ol oviduct (QM GH4075): e, zooid (Rottnest 1): f. larva (QM GH4075). 
Scales: a,b. 2mm: e-e, Imm; f. 0. lmm. 
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thorax, hlue in large patehes over the endosiyle, 
between the siphons and spreading around rhe 
atrial siphon and over the dorsal lamina, and two 
lighter blue patches on each side of the thorax. 
1n preservative the zooids become unilormly dark 
blue 

One solitary zooid was taken, but its basal test 
was crowded with masses of terminal ampullae. 
A colony consists of up to 10 crowded 7ooxls 
arising from a basal mass of common test in which 
the abdomina of the zooids are partially 
embedded. l'he thoracic test is clear and glassy 
while the lower stalk-like section of the free part 
ol euch zooid, and the basal test are firm and 
translucent, Zooids are up to lem long and the 
expanded thoraces up to 0.5em wide. 

INTERNAL SrRUCTURI: The thorax ts about one 
third of the length of the zooid, with its branchial 
aperture turned ventrally and the atrial aperture 
directed upwards. The thoracic muscle lormula 
$ 7E,SB,3D, and all the muscles extend to the 
posterior end of the abdomen. Sometimes the 
ventral oblique muscles are obscure. There are 6 
large branchial tentacles alternating with smaller 
ones, The opening of the neural gland is a vertical 
«lit 

There are 16 to 20 rows of about 50 stigmata. 
The oesophageal section of the zooid is moderately 
long, There is no presiomach, The stomach, in 
the posterior end af the abdomen, is quadrilateral 
in section. and curves around against the mesial 
wall of the intestine, It has a line ridge enclosing, 
with the suture line, a pear shaped area on its 
outer wall. A rounded posterior stomach lies 
almost in the pole of the gut loop. The proximal 
part of the rectum is voluminous and yellow. The 
smooth, bilabiate anal opening is at the posterior 
end of the thorax, 

In mature specimens the gonads, in the loop 
of the gul, are conspicuous, the testis follicles 
spilling out over the left side of the gut loop. Large 


ċggs are numerous and fill the whole length of 


the oviduct, apparenily beginning their develop- 
ment in the terminal, expanded part of the oviduct. 
which forms a brood pouch — although this does 
not markedly protrude outside the wall of the 
thorax. 

Embryos and larvae are present in the newly 
recorded specimens from Heron I. collected in late 
October and carly November. They are also 
present in some of the specimens from Lizard 1. 
which were all collected in June. They are not 
present in specimen lot QM GH4117 also collected 
in June. Despite the large eggs. larvae are relatively 
small, the trunk being 0.75mm long with the tail 
wound about half way around it. Three adhesive 


organs lie on a flat frontal plate, euch with a cup 
of epidermal cells around a central cone, The 
frontal plate is produced into small lobes between 
the adhesive organs. 

Remarks: Tokioka (1967a) remarked on the 
unusually fecund appearance of this species, and 
those newly recorded specimens that have 
embryos, are no exception. Other distinctive 
characters are the short, stumpy zooids, and the 
bright yellow colour in the living specimens. 
Philippine specimens (QM GH474) are the same 
colour as those recorded from Australia, described 
by the collector (M.E. Cowan) as ‘transparent blue 
with vellow markings". Colonies and zooids of the 
present species resemble those of Clavelina elegans 
(Oka, 1934) from Japan, and conspicuous 
morphological differences in the preserved 
material of C. elegans and C. fecunda have not 
been detected. In C. elegans, larvae have a longer 
(0.9mm) trunk. and larger zooids (2 to 3em) than 
those of the present species, and yellow patches 
ure nol present in living specimens. Clavelina 
aohesa has small stumpy zooids without yellow 
patches, joined by stolons rather than being 
partially embedded in common test as in the 
present species. and with transverse rather than 
longitudinal musculature. 


Clavelina meridionalis (Herdman, 1891) 
(Fig, 13. Plate 3b d) 

Podoclavella meridionalis Herdman 1891. p. 603. 1899, 
p4 Harrmeyer, 1919. p, 104, Hastings, 1931, p. BI 
Koll, 19572, p. 91; 1972d, p. 241. Not Sluiter, 1895, 
p 165 (c C robusta nsp.); Pizon, 1908, p, 197 (=< 
C. rubwsta nsp.) Kot. 1972b, p. 167 (< C 
eostreariuam). h 

Podocluvella procera Sluner, 1904, p, %, 

Clavelina enormis: Kot, 19572, p. 85. 


Dist Ria now 

New Recorps; Western Australian (Dampier 
Archipelago, WAM 25.75; Monte Bello Is, WAM 749 
50.83; Houtmans Abrolhos, WAM 747-883). New 
South Wales (Port Stephens, QM GI0I49, AM Y1999; 
Solitary ty, QM G964I), Queensland (Bowen, QM 
GH705 GH4080; Mackay, QM G4944 (19978), 


Purviousiv Rreonpbrp. Western Australia (Port 
Charles — AM YII359 Y]255 Kott 19572; Cape Boileau, 
Cape Jaubert Hartmeyer 1919). New South Wales 
(Port Stephens AM (13936 Herdman 1899; Port 
Hacking AM YSIS Kott 1972d; Port Jackson 
holotype AM U113, AM G12247 Herdman 1499), 
Queensland (Mackay — AM Y1192 Koun 19573; Low 
Is — Hastings 1931). Indonesia (Sluiter 1904), 

The species is tropical. although is range on the 
eastern Australian coast extends into the subtropical 
waters of New South Wales. It has been taken at depths 
down to 20m. 
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DESCRIPTION 

EXTERNAI APPEARANCE: The species is large 
and solitary, up to 20cm long, consisting of a 
cylindrical thoracic section in translucent (but not 
glassy) test that is a half to one-third of the total 
length and is from 0.5 to lcm wide when expanded. 
The stalk narrows from thc posterior end of the 
thorax to its base, where it somctimes breaks into 
fine hair-like roots or occasionally branches off 
the stalk of another zooid (see AM Y1255), but 
most often is fixed directly to the substrate. As 
it narrows, the stalk becomes increasingly hard 
and leathcry. In its upper part it contains the 
abdomen of the zooid but toward the base it 
contains the long vascular stolon. The large 
terminal branchial siphon is turned over with its 
opening directed toward the base of the zooid. 
The atrial siphon is directed upwards. Both 
siphons flare when they are expanded. In life the 
thorax is a transparent green with a yellow patch 
each side of thc intersiphonal region and along 
the endostyle. Some photographs of this species 
show the test pink. In preservative the anterior 
part of the thorax, brood pouch and abdomen 
are dark bluc to black, but the remainder of the 
thorax is cream to brownish cream. 

INTERNAL STRUCTURE: The zooid is robust but 
not very long. Thorax and abdomen together are 
about 3cm long in contracted specimens and even 
in living zooids are only about half the total length, 
the long vascular stolon occupying most of the 
stalk. The muscle formula is 25-30E,2B,2D. Dorsal 
branchial siphon muscles and the anterior two- 
thirds of the endostylar muscles extend more or 
less horizontally across the body to the dorsal 
surface where they turn posteriorly and extend 
as fine bands down onto the abdomen. There they 
are joined by the posterior endostylar muscles 
which arc truly oblique, extending from the 
endostyle to the postero-dorsal corner of the 
thorax and onto the abdomen in a dorsal and 
ventral band. Branchial tentacles are arranged in 
4 rows, the largest in the posterior row. The neural 
gland opening is a vertical slit between two fleshy, 
protuberant lips. Dorsal languets are long, pointed 
projections from the triangular expansion of the 
transverse vessels over the dorsal sinus. There are 
about 35 rows of 70 to 100 stigmata. 

The oesophagus is moderately long, without a 
prestomach. The stomach (in the posterior end 
of the abdomen) has 3 longitudinal ridges as well 
as the suture line in its inner lining. Folds in the 
stomach wall of some specimens are, apparently, 
artefacts of preservation. The stomach is often 
stretched into a long, narrow oval, but in other 
specimens it is more expanded. The gut is often 


Fu, 13. Clavelina meridionalis: a,b, whole zooids (AM 
Y1255, QM G9641); c,d. thoraces removed from test, 
showing muscles, embryos brooding (AM Y1255, QM 
GH705y; e, larva (AM Y1255). Scales: a,b, 5mm; e,d, 
2mm; e, 0.2mm. 


voluminous and filled with mud. Thc anal opening 
is about one-third of the distance from the 
posterior end of the thorax, and its border has 
about 10 rounded lobes. Gonads are present in 
the gut loop, spilling out over the left side of thc 
intestinc and the proximal part of the rectum. A 
brood pouch forms from the expansion of the 
distal end of the oviduct, which extends across 
the posterior end of the right side of the thorax. 
Developing embryos are present in specimens from 
northwestern Australia collected in September 
(AM Y1255) and in specimens from Bowen 
collected in March (QM GH705). 

The larval trunk is l.1mm long and the tail is 
wound only half way around the trunk. There is 
the usual frontal plate expanded into small lobes 
that alternate with the 3 adhesive organs triradially 
arranged. 
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The species is known to regenerate new zooids 
from old stalks (A. Birtles pers. conum.) The 
presence of a single zooid arising from the stalk 
of another suggests that occasionally replicates do 
develop before resorption of the adult zooid. 

Remarks: Being solitary and of large size this 
species resembles Clavelina dagysa and the rclated 
species C. ostrearium from southern Australia. 
Like the latter species, C. meridionalis is known 
to regenerate new thoraces from persisting stalks; 
and like C. dagysa, it probably replicates zooids 
from the terminal ampullae of the vascular stolon. 
It is not known if zooids thus formed subsequently 
separate from the parent, as in C. miniata 
Watanabe and Tokioka, 1973. Clavelina meridi- 
onalis is isolated from both C. dagysa and C. 
ostrearium by its tropical range. The species is 
further distinguished by its larger number of 
transverse (endostylar) muscle bands. its long 
vascular stolon that occupies an appreciable part 
of the length of the stalk, its colour, and its smaller 
larvae. The brood pouch, extending across the 
posterior end of the thorax, resembles that of C. 
australis rather than that of C. moluccensis and 
C. cylindrica. 

Kott (1972b), overlooking other differences, 
misidentified specimens of C. ostrearium as C. 
meridionalis on the basis of its solitary condition. 
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Podoclavella procera Sluiter, 1904 resembles the 
present species in all respects, Sluiter even having 
recorded the fact that the musculature on the 
thorax was largely transverse. 


Clavelina mirabilis Kott, 1972 
(Fig. 14) 
Clavelina mirabilis Kott, 1972b, p.165. 


DISTRIBUTION 

New Ri cogps: None. 

Previousty Rrcogprp: South Australia (Walde- 
grave l. -- holotype SAM E902, paratype SAM E903 
Kott 1972b). 

The species is taken at 23m in gravelly sand. So far 
it is known from only a single location in the Great 
Australian Bighi. 


DESCRIPTION 

ExTERNAL APPEARANCE: Colonies consist of a 
wide, wrinkled cylindrical trunk rising vertically 
from a spherical sand-covered base (2 to 5cm in 
diameter) that is probably buried in the substrate. 
The trunk divides into branches each supporting 
a group of long zooids, their thoraces projecting 
separately from one another. The test is soft 
throughout, the spherical basal portion being 
protected by its brittle sandy outer layer. 

Living specimens are buff or yellow-brown but 
in preservative the firm test of the stalk is reddish- 


Fic 14. Clavelina mirabilis (paratype SAM E903): a, colony, b, thorax, removed from test; c, antero-dorsal 
part of thorax showing muscle bands. Scales: a, lem; b, Imm: e, 0.5mm. 
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purple, while the projecting thoraces are more or 
less transparent. 

INTERNAL StRUC UME: Zoolds are long, op to 
4em, Each consists of a relatively short thorax 
and a long oesophageal neck that extends through 
the trunk of the colony and down into the spherical 
base where the rounded posterior part of the 
abdomen, the posterior vascular stolon and the 
terminal ampullae, are located. The musculature 
consists of oblique and longitudinal bunds. with 
the formula 7E.8B.1D. The muscles extend along 
the length of the abdomen. An unusual transverse 
muscle originates as à branch from the sixth 
branchial muscle band about halfway down the 
thorax. It extends dorsally beneath other longi- 
tudinal muscles, with which it exchanges some 
fibres. At the base of the atrial siphon it breaks 
into narrow branches that join circular muscles 
uf the atrial siphon. Branchial tentacles are in 3 
rows, und the neural gland opening ts simple and 
circular. There are 15 rows of about 45 stigmata 
per row. There is a long oesophageal neck, and 
the stomach, at the anterior end of a posterior 
expansion of the abdomen. is quadrilateral in 
section, Gonads of the usual type are in the loop 
of the gut posterior to the stomach. The larva 
of this species is not known. 

Remarks: The species resembles the new 
tropical species Clavelina robusta in its large, 
partially embedded zoaids and in its musculature, 
However, C. robusta has an irregular branching 
basal stalk, or à massive basal test from which 
the zooids rise. directly rather than extending 
through a branching vertical trunk that intervenes 
between the basal test mass and the zooid-bearing 
head. Colonies sometimes have a superficial 
resemblance to C, pseudobaucdinensis which often 
has a similar massive basal test mass, Zooids of 
the latter species, however, are completely 
embedded, and the thoraces arc not free as in the 
present species. The remarkable transverse muscle 
that crosses beneath the other longitudinal muscles 
from the centre ol each side ol the thorax to the 
base of the atrial siphon is reminiscent of C. 
caerulea Oka (see Nishikawa and Tokioka 1976) 
in which a muscle extends from the atrial siphon 
to cross the predominantly transverse thorax 
muscles, However, the course of this unusual 
muscle in C. coerulea is outside the transverse 
muscles, while in rhe present species the anom- 
olous muscle runs inside the other predominantly 
longitudinal ones, The transverse muscle in the 
present species clearly originates as a branch from 
a longitudinal muscle and its formation could be 
through the mobilisation of fibres from the 
successive longitudinal muscle hands it crosses. 


Clavelina moluccensis (Sluiter, 1904) 
(Fig. 15. Plate 3e- h) 

Clavelina (Podoclavellu) meridionalis: Sluitei, 1895. p- 
165 

Podocluvella moluccensis Stuhi, 1904, p. S. Kott 19578. 
p. 90; 1972a, p. 5: 1972b. p. 167. Not Van Name. 
1918, p 130; Hastings, 1931, p, 82; Tokioka 19671, 
p. 105; Millar 1975, p. 211; Tokioka apd) Nishikawa, 
1976, p. 347 (all. C. robusta n.sp.) 

Poduclavella evlindrica: Kot, 19720, p, Š (part, 
specimens trom Hallet Cove) 1972b, p, 167, 1975, 
p. 1) 1976, p 56 (part, specimens trom Mullucoota 
Inlet). 

The species name olten is misspell and even Stuiter 
(1904) used two different spellings, The name derives 
from the Moluccas. the Indonesian island. group rrt 
is its Type location 


Distrein. NON 

New Rreomgps Western Australia (Exmouth Gull, 
QM G9487; Houtman's Abrolhos, WAM 374.80; Shark 
Bay, WAM 757.83; oll. Dongara, WAM 756.83; 
Cockburn Sound. WAM 37,72 31.75 76.75 112,75 
151,75, QM G96071; Bunbury, WAM 19.75; Albany, 
WAM 752.83 854.83). South Australia (Grent Australian 
Bight. QM GH976, SAM E1988 9; Fleuricu Peninsula, 
SAM El964, Nuyts Archipelago, SAM E1965. Yorke 
Peninsula, SAM E1966: St Vincent Gulf, SAM E1967 
N. QM G9315 GH4066 7 GEF4069. FI, BM 1951,9,10.8; 
Kangaroo |, QM (711996). Victoria (Bass Strait, MV 
H376). Queensland. (Heron 1. QM G9517 G10041 
GET GH359 GH4088; Lizard L. QM 09790: Martha 
Ridgeway Reel, QM GH246 GH543), Philippines (QM 
G12754 GH4l6. GHá42 3 GII555). Singapore, ZMC 
32.7.07. 

Perviousiy Rrcogpep. Western Australia (Cape 
Boileau Sluiter 1885; Cockburn Sound AM Y¥120 
Kott 19573: Hamelin Bay AM Y1J97 Kort 19572 
Albany AM Y|199 Y41203). South Australia (Great 
Australian Bight SAM E1963 Kott 1972b, SAM 
E2046 Kott 1975; Spencer Gulf AM Y]198 Kull 
19573. SAM E969. 72 Kott 19723, 1975; St Vincent 
Gulf SAM E99] Kolt 19724), Victoria (Mallacoota 
Inlet Kott 1976). Indonesia (Slutter 1904). 

Although there are no records from New South Wales. 
the species has been photographed (here, at Jervis Ray 
nnd Port Stephens (photos P. Frederickson). This 
apparently isa tropical western Pacific species. ltoccurs 
quite commonly in the Philippines (sce new records), 
It is seasonal in some locations (e.g. Tipare Reel! 
Shepherd fide Kon (972a). dying off at the beginning 
of summer and reappearing in carly winter, Apparently 
this is not always the case for there are records from 
Cockburn Sound for every month except May and 
records (rom the tropies include the winter months 


DESCRIPTION 

EXTERNAL APrrARANCI: Large irregular côl- 
onies with single zooids or upright stalks support 
groups of 7ooids separated from one another to 
various degrees, from whole zooids to at least the 
thoraces separated. The test of the basal stolons 
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bio. 15, Clavelina moluccensis: ab. colonies (SAM E2086; WAM 834,83); c. /ooid (QM GH 4070); d. thorax 
(WAM 854.43); e, larva (AM Y1196). Scales: ased, 2mm; b, lcm: e. 0.2mm). 


ortest mass and the lower part of the zaoid-bearing 
lobes is firm and only slightly translucent, and 
the test over the thoraces is soler and more 
transparent, although it is not glassy. Sometimes 
the basal test develops into a thick stalk-like 
support for the colony and sometimes it forms 
lleshy stolons. The free. branehed, zooid-bearing 
clumps or single zooids are from about 0.8 to 
nearly 3cm long. 

Living zooids are blue, some pale, others darker, 
the colour conspicuous, showing through the 
transparent test. A charaeteristic pattern of 
patches of darker blue is always around the 
anterior end of the zooid. This consists of a 
transverse line of 3 blue spots between the siphons, 
a patch over the anterior end of the endostyle, 


another posterior to the base of the atcial siphon 
and a small spot over the anus, These patches 
of blue persist in preservative though zooids are 
often bluish-black. 

INTERNAL SrRUCTURI: Zooids are from 0.5cm 
to 2.5em long, The thorax always longer than the 
abdomen and, in preserved speeimens in which 
the museles are contracted. it is no wider than 
the abdomen. The vaseular stolon is long, a great 
part of it in the upright zooid-bearing stalks. 
Terminal ampullae of the vascular stolon are 
numerous. branching off along its whole length. 

The apertures are on short siphons, the atrial 
usually terminal, turned slightly ventrally, and the 
branehial subterminal and curved ventrally and 
posteriorly. Thoracic muscle bands are all 
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transverse, extending aeross the sides nf the body 
to the dorsal horder where they disappear. A few 
fine bands sometimes can sometimes be detected 
along the dorsal surface extending onto the 
abdomen, and. although these. presumablv are 
present. always, they are inconspicuous and 
difficult to demonstrate in unstained material, The 
muscle formula is 20-30F,3B.3D. Contraction of 
the transverse thoracic muscles causes the tharax 
to become long and narrow. 

There are about 24 hranchial tentacles of 
varying size. Phe neural gland opening is elliptical, 
set vertically and slightly ohliqucly, From 14 to 
22 rows of about SU stigmata are in the branchial 
sac. 

The oesophagus extends down the anterior onc- 
third of the abdomen, interrupted abut hallway 
along its length by à small rounded prestomach 
Ihe stomach ts large und roomy. Generally tts 
internal lining is interrupted only by the suture 
line. however, in a large specimen from St. Vincent 
Gulf (QM GH4066) there are also 3 fine ridges. 
A large posterior stomach occurs at the posterior 
cnd of the descending limb of the gut loop before 
it curves around and expands into the rectum, 
which occupies the whole of the ascending limb 
of the loop. The anal opening is about hallway 
up the thorax. its border smooth and bilabiatc. 

Gonads are of the usual form. located in the 
gut loop posterior Lo the stomach. and the pear- 
shaped male follicles spill out over the posterior 
end of the gut loop obscuring it. Eggs arc relatively 
small. Developing embryos are present in a 
rounded brood pouch formed hy the expansion 
of the distal end of the oviduct projecting from 
the pastero-dorsal corner of the thorax, They 
continue their development in the peribranchial 
cavity. Embryos are present in colonies from 
Rottnest (WA) and Yarke Peninsula (SA) 
collected in October to December (WAM 11.275, 
AM Yli96, SAM E1966}; and irom Bass Strait 
in December (NMV H376). in one colony [ram 
the Fleurieu Peninsula (SA) taken in July (SAM 
E1964), and in colonies from Heron L (QM 69517) 
in November. Young colonies were common at 
Heron I. in May 1988. 

The larval trunk is 1.2mm long and is almost 
spherical. Adhcsive organs arc large, with the usual 
cup of modified cpidermal cells around the central 
cone. They ate supported by thick stalks arising 
trom a broad frontal plate which is produced into 
conspicuous lobes belwecn the adhesive organs, 
‘the tail winds completely around the trunk. 

Remarks: Colonies of this species. resemble 
those of C. australis and C. robusta n.sp., and 
some of the larger specimens also have zooids ol 


mn 
we) 


similar sive. However. C. moluccensis can he 
distinguished readily by its transverse museula- 
ture, absence. of conspicuous muscles on the 
abdomen, line of 3 pigment patches between the 
siphons (in addition 10 the median patches dorsal 
and ventral to the atrial and branchial siphons 
respectively) relatively shart ocsophageal neck, 
prestomach, rounded brood pouch, and a large 
larva with a long larval tail that completely 
encircies it. 

Clavelina cvlindrica has a similar broad pouch 
and prestomach but differs in its oblique and 
longitudinal muscles. even shorter abdomen and 
regular colony. C. nigra n.sp. has similar 
transverse muscles and prestomach but lacks the 
characteristic pigment patches. C. coeruluca Oka 
also has similar transverse muscles but there are 
also longitudinal muscles, zouids narrow toward 
the base. und lack the prestomach. 

Clavelina moluccensis does occur in the 
Philippines However the records of Van Name 
(1918) and Millar (1975) from that location, us 
well as those af Hastings (1931) tram Law Is, 
Tokioka (1967a) from the Palau Is, and Tokioka 
und Nishikawa (1976) from Japan. are not of this 
species. Podoclavella moluccensis: Van Name. 
1918 includes numerous species {including ouc ol 
the genus. Eufierdinania). W is unlikely that the 
present species is included, however. for all his 
specimens had predominantly longitudinal mus- 
cles that continue onto the abdomen. Some of 
Van Name's specimens probably arc conspecilic 
with C. moluciensis: Tokioka 1967a. Podeclavella 
moluccensis: Millar, 1975 and C. moluccensis: 
Tokioka and Nishikawa, 1976. which are all 
assigned lo the new species, Clavelina robusta (sec 
helow). 

Sluiter’s (1895) description ol this species 
includes a record of its characteristically spherical 
brood pouch (present even before it is filled with 
embryos), and its transverse muscles. 


Clavelina nigra n sp 
(Fig. 16. Plate 4a) 
Misira sims 
Tver Locaniy Western Austraba (Rotnes b, Ror 
Reef. km, coll. N, Coleman, AMP 48, 6.3.72. holotype 
QM G9%9456). 
Linturg Rreoros: None, 


DiseRiptios 

Colonies are irregular, consisting of thick basal 
stolons [ixed to the substrate along their length. 
with upright branches containing single zouids ac 
groups branching from a common stalk. Usually 
zooids are separate for most of their length 
althougli this is variable and occasionally only rhe 
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Fic, 16, Clavelina nigra n.sp. (holotype QM G9486): 
a, colony; b, 7ooid. Scales: a, Smm; b, Imm. 


thoraces are separate. Separate zooids are up to 
lcm long. The large subterminal branchial siphon 
is turned ventrally and the narrow atrial siphon 
is directed upwards, both flaring out from the 
aperture. Living specimens are dark grey to black 
with a white rim around each aperture. Even in 
preservative the body wall is crowded with dark 
particles. 

INTERNAL STRUCTURE: The largest zooids are 
barely lcm long and the thorax is slightly shorter 
than the abdomen. Thoracic muscle bands are 
transverse, with the formula 30E,4B,2D. Muscle 
bands are fine, forming an almost continuous coat 
over the thorax, but they disappear along the 
dorsal border and none were detected on the 
abdomen. Contraction of the thoracic muscles 
causes the thorax to elongate. Eight large 
branchial tentacles alternate with 8 smaller ones 
in a circle slightly anterior to them. 

There are 19 rows each of about 50 stigmata. 
The oesophagus is interrupted by a small round 
prestomach about halfway along its length. A 
narrow oesophageal neck occupies half the length 
of the abdomen. The stomach is long, with a suture 
line, but no other folds or ridges. A long posterior 
stomach is present in the last quarter of the 
descending limb of the gut loop. The rectum 
extends the whole length of the abdomen and the 
smooth-bordered anus opens about halfway up 
the thorax. Gonads are present in the gut loop, 
but are not mature in this holotype colony. 

Remarks: The present species is strikingly 
similar to C. moluccensis. Both have transverse 
thoracic muscles, a prestomach, and similar, rather 
irregular, colonies with zooids arising singly or 
in clumps from common basal test or stolons. At 
least the thoraces, and sometimes the whole 
zooids, are separate from one another. Generally, 
the zooids are not as robust as C. moluccensis, 
the muscle bands are finer forming a continuous 
coat over the thorax, and are especially numerous 
for such small zooids. The abdomen is longer than 
the thorax in the present species, while it is shorter 
in C. moluccensis, and the numbers of stigmata 
per row are about half of the number in C. 
moluccensis. The most compelling difference 
between the two species, however, is the colour. 
The present species does not have the characteristic 
pigment patches of C. moluccensis, it is not blue, 
it has a white band around the apertures, and 
dark pigment particles are crowded throughout 
the preserved specimens. 

The colour resembles that of C. cyclus Tokioka 
and Nishikawa, 1975 (see Nishikawa and Tokioka 
1976) from Okinawa l. and the Philippines (QM 
GH475). However, the white band is around the 
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base of the branchial siphon in C. cyclus — not 
around its rim as in the present species; and the 
thoracic muscles of C. cvclus are not transverse. 

As far as is known, the present species occurs 
only at Rottnest |. It may be indigenous, with 
a range confined to Cockburn Sound. 


Clavelina oliva n.sp. 
(Fig. 17. Plate 4b) 
DisrgRiBi't10N 

Tyer Locariir v: Western Australia (Shark Bay, Dirk 
Hartog I., Ransonnet Rocks, Cymadocea bed, coll. L 
Marsh 7.4.79, holotype WAM 983.83; Dampier 
Archipelago, Kendrew 1., 20^28'30"S 116?32'E, outer 
metre 8. coll. Western Ausiralian Museum Crown of 
Thorns Survey, paratypes WAM 217.75). 

Furtner Recorps: Western Australia (Dampier 
Archipelago, WAM 213.7 thorax missing 1051.83; 
Houtman's Abrolhos, WAM 231.88). Queensland 
(Lindeman 1.. QM GH4085; Lizard 1, QM GH4108). 
Northern Territory (Darwin. QM GH4211 GH 4800 
1). Philippines (QM G12753 GH476 GH490 GH558). 


DESCRIPTION 

EXTERNAL APPEARANCE: Specimens available 
are usually solitary, upright, club-shaped zooids 
on a narrow stalk which is divided into root-like 
branches at its base. The specics is common (with 
Nephtheis fascicularis) in Darwin Harbour (at 
13.5m) with its long stalk embedded in the silt 
and only the thorax rising above the level of the 
sca floor. Spccimens have to be dug out of the 
substrate. Thc base of the stalk has often been 
severed. A colony with 4 zooids was collected from 
Lizard 1. (QM GH4108). Another specimen lot 
(WAM 217.75) has 3 zooids that were possibly 
joined by a basal stolon, which could have 
remained attached to the substrate when the 
specimens were collected. Collectors field notcs 
and photographs of the specimens from the 
Philippines (M.E. Cowan) indicate that the species 
occurs either in small colonies with few zooids 
or as solitary individuals. 

‘The separate zooids are from 2.5 to 5.0cm long 
of which the thoracic, abdominal and posterior 
abdominal sections are each approximately onc 
third. The abdominal scction usually becomes 
progressively narrower with progressively firmer 
test toward the base, although sometimes thc 
diameter decreases very abruptly to the narrow 
stalk at the posterior end of the abdomen. The 
thorax is about 8mm in diameter, abdomen ahout 
5mm and narrow vascular stolon a maximum of 
only 2mm in diameter becoming narrower toward 
the base. 

The test on the stalk is usually quite hard, 
leathery and opaque, although in all the specimens 


from Queensland it is firm and translucent, and 
sometimes is rather short. On the thorax the test 
is soft, flexible, and transparent. but not glassy. 

In preservative the thorax is either transparent 
(specimens from Darwin), or dark blue, the colour 
fading toward the dorsal surface of the thorax 
and on the abdomen (specimens from Western 
Australia). Collectors notes and photographs of 
specimens from the Philippines indicate living 
specimens were dark (black?) with white, or 
yellow, or green bands around the siphons 
somctimes extending down the dorsal surface of 
the thorax and with speckles of the same colour 
on other parts of the thorax. In preservative some 
dark patches persist over the dorsal ganglion which 
extend around the base of the branchial siphon. 
However, in Darwin Harbour the populations of 
this species have a generally colourless thorax. The 
stalk and abdomen arc ycllow, and some yellow 
pigment extends up along the endostyle and 
around the apertures. 

INTERNAL STRUCTURE: The thorax is relatively 
large and roomy. The siphons are large. the 
branchial siphon curved ventrally and the atrial 
directed upwards. In addition to the usual 
endostylar, branchial and dorsal muscles, there 
are also conspicuous muscles from the atrial 
siphon extending down thc dorsal surface. Thc 
muscle formula is 10E,5B,2D,4A. Endostylar 
muscles are spaccd down the whole length of thc 
endostyle. In contracted specimens muscles are 
seen to run transversely across the thorax. 
extending down the dorsal border of the thorax, 
onto the abdomen and along its length. In largcr 
specimens 6 large branchial tentacles lie at the 
base of the branchial siphon, slightly anterior to 
them a circle of 12 of moderate length, and 
rudimentary tentacles are in the most anterior 
circle. However, in the small specimens from 
Lizard l. there is only a single circle of 9 rather 
short branchial tentacles. The opening of the 
neural gland is vertical, protruding slightly into 
the pharynx. 

Stigmata and stigmatal rows both increase with 
body size, ranging from 1l to 22 rows of about 
60 to 100 stigmata. When little contracted. the 
oesophageal neck occupies about half of the 
abdomen, the stomach heing about half way down 
the abdomen. There is no prestomach. The 
stomach is large and wide, and sometimes has folds 
in the preserved specimens, although these are 
probably artefacts. The gut loop behind the 
stomach is ohscured by gonads. The smooth- 
rimmed bilabiate anus opens at the posterior end 
of the thorax. Embryos are present in the distal 
part of the oviduct across the right side of the 
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Fic 17, Clavelina oliva n.sp.: a, colony (QM GH4108); b. solitary individuals (QM GH4108, WAM 1051.83); 
c, whole zooid in test (holotype WAM 983.53); d, zooid removed [rom test (QM GH4108); e, larva (QM 
G H4085). Scales; a,b, 5mm; e, 2mm; d, Imm; e, 0.2mm. 
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posterior end of the thorax in specimens collected 
in February from the Dampier Archipelago 
(WAM 217.75), from Lindeman I. collected in 
January (QM GH4085) and from Darwin collected 
in August (QM GH4211). 

A mature larva present in the specimen from 
Queensland (QM GH4085) has a trunk of 0.8mm 
to 1.0mm, The tail is wound more than halfway 
around the trunk. Although otolith and ocellus 
are present in the cerebral vesicle, these are not 
in good condition and the pigment appears lost. 
A rather narrow frontal plate has angular 
ampullae at the base of each adhesive organ. 

Remarks: The zooids of this species closely 
resemble those of Clavelina viola Tokioka and 
Nishikawa, 1976 from Sagami Bay. Japan. The 
holotype of the Japanese species ts a large colony 
of 164 zooids, and this constitutes its major 
distinction from the present species which never 
forms large colonies. As indicated by the 
occurrence of some small colonies in the Philip- 
pines and the presence of enlarged terminal 
ampullae in one specimen from Shark Bay (WAM 
983.83). it does sometimes replicate zooids fron) 
the basal stolon. However. replication seems not 
prolific; or perhaps. as in C. miniata Watanabe 
and Tokioka. 1973. replicates separate from one 
another. 

The colour of the living zo01ds ol Clavelina viola 
is recorded by Tokioka and Nishikawa (1976. p. 
345) 

thoras ... faintly purplish but darker near the 

posterior margin and in the siphonal area where 

a prominent deep purplish pigmentation is 

extending from the dorsal side of the atrial siphon 

onto each lateral side to embrace an area coloured 
yellow between both apertures. 


Greater variation occurs in the colour pattern 
of C. oliva, with generally more yellow, white or 
green pigmentation in relation to the dark or 
purple areas, The inverted E-shaped dark patch 
over the dorsal ganghon that is considered a 
characteristic of C. viola is not present in C. oliva. 
Although longitudinal muscles from the atrial 
siphon have not been described for C. viola, they 
may have been overlooked and their presence in 
C. oliva does not necessarily constitute a difference 
between the species. 

The characteristics that the zooids of C. viola 
share with the present species and that distinguish 
both from other species are: length of the zooids 
{3 to 4cm); their general shape, progressively 
narrowing trom the thorax to the thin basal part 
of the stalk; long vascular stolon; general 
characteristics of the muscle formula. with a 
preponderance of oblique muscles; a relatively 


short oesophageal neck and the long posterior 
expanded section of the abdomen with ils large 
roomy stomach that collapses mto folds in 
preserved material, 

Clavelma olivais distinguished from the solitary 
C. dagysa, an indigenous Western Australian 
species not recorded north of Cockburn Sound, 
by its size; its attenuating basal stalk (the stalk 
of C. dagysa expands basally), its long narrow 
vascular stolon (instead of the short vascular 
appendages of C. dagysa in which the zooid 
extends almost to the base of the stalk); and its 
fewer muscles. 


Clavelina ostrearium (Michaelsen, 1930) 
(Fig. 18. Plate 4c) 
Padoclavella ostrearium Michaelsen. 1930, p.467 
Podovlavella meridionalis: Kott, 1972b. p.167, 


Dis ini TION 

Niw Recorps, Western Australia (Albany, WAM 
26.87). South Australia (Nuyts Archipelago, SAM 
E1973-4. OM GH2313; Pearson L, QM GH935; Great 
Australian Bight, QM GH936 GH4222). 

Previolsty RrcoRDED- Western Australia (Albany 
— Michaelsen 1930). South Australia (Pearson I. 
SAM E1992 Kotr 1972b). 

The species occurs across the southern coast of 
Australia, mainly in the Great Australian Bight but 
extending into Oyster Harbour, Albany at ils western 
Timits, It has nol been recorded inside Spencer or St 
Vincent Gulfs. however, and its presently known eastern 
limit ts at Pearson I. 


Drsc juri 

EXTERNAL APPEARANCE: The species is solitary. 
Individuals are 6 to llem long, and consist of 
a spherical to oval balloon-like thoracic portion 
of glassy test enclosing a uniformly blue zooid. 
supported on a long firm, gelatinous stalk, wide 
in its upper part, and usually becoming leathery 
and tapering toward the base where it again 
expands into a tough conical hold fast or club- 
shaped, rounded base. The branchial aperture is 
terminal and the atrial aperture subterminal. Both 
apertures are on flaring siphons. The zooid extends 
right to the base of the stalk and the vascular 
stolon is very short. The expanded base contains 
the expanded posterior end of the abdomen. 

INTERNAL STRUCTURE The most conspicuous 
features of the zooid are the large (about 2em 
long) roomy thorax and the long, thin oesophageal 
neck. Muscle bands of the thorax are longitudinal 
and oblique, with the formula 20E,10B,5D. They 
extend along each side of the abdomen. At the 
base ol the branchial siphon 20 fairly large stumpy 
tentacles are in 3 concentric circles, with the larger 
tentacles in the posterior circle. The small tentacles 
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Fic. 18. Clavelina ostrearium: ah, solitary individuals 
(QM GH2343, SAM E1973): c, thorax showing 
muscles (SAM E1973): d. larva (QM GH9361. Seales: 
a,b, Smm; c, 2mm: d. 0.2mm, 


in the anterior circle are on the underside of a 
distinet velum that projects into the base of the 
siphon. The duct of the neural gland projects 
slightly into the pharynx and has a vertieal 
elliptical opening, sometimes curved into an are. 
There are 24 to 34 rows of at least 100 stigmata 
per row. 

The long oesophagus extending through the 
greater part of the stalk of the zooid. It is not 
interrupted by a prestomach. The anus. its border 
divided into 20 rounded lobes. opens opposite the 
fourth last row of stigmata The gut loop encloses 
the gonads. consisting of the usual eentral ovary 
surrounded by pear-shaped male follicles that spill 
over onto the side of the gut loop and obscure 
the long oval stomach and gut loop. Embryos 
develop in the distal part of the oviduct and in 
the peribranchial cavity but there is no protruding 
brood pouch. Embryos are present in colonies 
eollected in March (QM GH936), 


Larvae are moderately large, the almost 
spherical trunk being 1.25mm long. The frontal 
plate is broad and supports the usual 3 large 
triradially arranged, almost sessile adhesive 
organs. The tail is long. winding the whole way 
around the trunk, Shepherd (see Kott 1972h) 
Observed that new thoraces regenerate on old 
persisting stalks. There is no evidence of vegetative 
replication in the examined material. 

REMARKS. The species seems elose to Clavelina 
dagysa, both being uniformly blue in lile, and 
solitary with large, roomy thoraces, long oeso- 
phagéal necks, short vascular appendages, and a 
similar muscle formula with predominantly 
ohlique muscles. The stalk of C. Jagvsa usually 
is thieker and shorter, docs not become as hard 
and leathery, and docs not expand into a conical 
holdfast. However, the most compelling distine- 
tion between the two species is seen in the larvae 

C. ostreariunt has eharactetistic elavelinid 
adhesive organs while C. dagrsa does uot. 

Michaelsen’s (1930) specimen from Oyster 
Harbour. Albany, is described as tlem long with 
a thin, leathery stalk, sharply cut off from the 
glassy thoracic portion which is about 2em long, 
and has a short vascular stolon. Thus it conforms 
with all the characteristics of the present species, 

Kott (1972b) mistook specimens of this species 
ior C. meridionalis, whieh is also a tall solitary 
species with a leatherv stalk, The latter species 
however, has a longer, narrower thorax, a shorter 
ocsophagcal neck, a long vascular stolon, and is 
a different colour. 


Clavelina pseudobaudinensis (Kott, 1976) 
(Fig. 19. Plate 4d f) 
Oxyvcurreia pseudobuudinensis Kou, 1976, p. 54. 
Clavelina baudinensix Kou, 19573. p. $7 (part. not 
specimens from Rottnes: with small larvae); 19722, 
p- & 1972b. p. 167. ?Millar. 196082. p. 363. 
? Senclavella lessoni Caullery, 1900, p.1419, 
? Svnclavella australis: Caullery, 1900, p. 1420, 


DISTRIBUTION 

New Rrcogps Western Australia. (Houtman's 
Abrolhos. WAM 370.80; Cockburn Sound. WAM 
745.83). South. Australia (Spencer Gull. OM GH4399 
GH4401 2; St Vincent Gulf, QM G10118; Kangaroo 
1. QM G11992). Victoria (Port Phillip Bay, QM G9484 
GH30). New South Wales (lervis Bay, QM GI0091: 
Wreck Hay, AM Y2001). Lord Howe 1., (QM GH4375). 

Pri viot si v Recorpro: Western Australia (Rottnest 

AM Y1112 paratypes C. baudinensis Kott, 19573). 
South Australia (Great Australian Bight — SAM E1977 
Kott [972b; St Vincent Gulf SAM E1975 E1976 Kolt 
1972a). Victoria (Port Phillip Bay Millar 19663: 
Western Port Bay AM YI1113 holotype, AM Y1122 
paratypes Kott 1976). 
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Fic. 19, Clavelina pseudobatutinensis: a, colony (SAM E1977); b. zooid (QM 611992); e, thorax (WAM 745.83); 
d. various views of the stomach (QM GHA072); e, larva (holotype AM Y1113). Scales: a, 5mm; b,e, Imm; 
d. 0.25mm; e, 0.2mm. 
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The species has a wide range in temperate waters from 
Houtman's Abrolhos in Western Australia to Jervis Bay 
in New South Wales. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are 
mushroom-shaped, with a thick stalk and an 
almost spherical expanded head. The test is glassy 
and transparent on the upper surface where the 
zooids open. The stalk is firm, but not leathery. 
It is sometimes relatively long and narrow (up 
to 3cm long but less than 0.5cm diameter) with 
a head of 2cm diameter (AM Y1112 from Rottnest 
and QM G11992 from Kangaroo I.) However, 
more often the stalk is short, wide, sometimes 
bulhous and almost the same dimensions as the 
head. Zooids are almost completely embedded in 
the test, only their anterior ends projecting 
separately from the upper surface. The living 
specimens are transparent or grey with small white 
spots on the test and two conspicious blue pigment 
patches on the anterior end of each zooid — one 
a transverse arc between the siphons and the other 
a longitudinal patch over the anterior end of the 
endostyle. In darker specimens a horseshoe- 
shaped patch of white can be seen around the 
cerebral ganglion. The transverse arc of blue 
colour sometimes becomes either a large oval 
patch or separates out into 3 separate patches in 
the preserved specimens. There is also a small 
transverse patch of blue over the anus. 

Blood vessels extend parallel to one another up 
toward the top of the stalk where they end blindly. 
Although vegetative buds were not observed it is 
possible that they develop here as they do in the 
genus Nephtheis. 


INTERNAL STRUCTURE: Even partially relaxed 
zooids are not more than lcm long. the thorax, 
the oesophageal neck and the posterior expanded 
part of the abdomen each being about one third 
of the total length. 

Oblique and longitudinal muscle bands on the 
thorax have the formula 6E,3B,0D,3A. Sometimes 
muscle bands appear more numerous (up to 
10E,6B.5A) when the thorax is not so strongly 
contracted and the separate bundles of fibres in 
each band separate from one another (see WAM 
745.83, QM GH30). Branches from the adjacent 
branchial and atrial muscles extend across the 
inter-siphonal dorsal line. Muscles continue along 
the ventral side of the abdomen, and in many of 
the contracted zooids examined the abdomen is 
drawn up into a thick trunk behind the thorax 
(AM Y1112), or is folded up against the posterior 
end of the thorax, completely obscuring the 
oesophageal neck. Branchial tentacles are in 3 


concentric circles, 6 large tentacles, at the base 
of the siphon, 12 moderately sized ones slightly 
anterior, and 12 small ones in front. The long, 
narrow, vertical opening of the neural gland 
projects into the pharynx. 

There are 18 to 20 rows of 30 to 40 stigmata. 
Dorsal languets taper to a long, narrow point. 
The oesophagus is long and narrow in relaxed 
zooids, and there is no prestomach. The relativley 
short stomach is rectangular in outline, but apart 
from the suture line it has no structural ridges. 
Its mesial surface projects out at each side to 
embrace the intestine which it lies against. A long 
oval posterior stomach lies at the posterior end 
of the descending limb of the gut loop. The anus, 
bordcred by rounded lobes, opens near the 
posterior end of the atrial cavity. 

Embryos begin their development in the distal 
end of the oviduct, which forms a brood pouch, 
curving around from thc oesophageal neck across 
the posterior end of the right side of the thorax. 
They complete development in the atrial cavity 
on the right side. Embryos are present in colonies 
collected from Rottnest I. in November (AM 
Y1112). In South Australian specimens collected 
in September (QM G10118) there are embryos 
developing in the brood pouch and atrial cavity, 
although tailed larvae are not present. Embryos 
and tailed larvae are present in the holotype 
colonies and in the spccimen from Lord Howe 
l. (QM GH4375) collected in October. Specimens 
collected in March, April, June from South 
Australia and Victoria do not contain developing 
embryos. Apparently there is a single breeding 
season at the beginning of summer for this 
temperate species. 

Larvae are large, the larval trunk 0.9cm long, 
with the tail wound five-sixths of the distance 
around it. Thc three triradially arranged stalked 
adhesive organs are supported on a frontal plate 
with small lobes produced from it to alternate with 
the adhesive organs. Each adhesive organ has a 
cup of modified ectodermal cells around the 
central axial cone. In one specimen (QM GH4375) 
the rows of stigmata in the larvae are actively 
subdividing and there are about 6 rather irregular 
rows. 

Remarks: Some colonies of this species (AM 
Y1112, QM G11992) closely resemble those of 
Clavelina baudinensis, having a fairly long and 
relatively narrow stalk. However, more often the 
stalk is short, wide and sometimes massive and 
bulbous. The zooids constitute a reliable means 
of distinguishing the species, for, while C. 
baudinensis never has oblique muscles, C. 
pseudobaudinensis has at Icast 5, extending from 
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the anterior half of the endostyle. Also, the 
oesophageal neck of C. pseudobaudinensis is 
shorter, about the same Jength as the posterior 
expanded part of the abdomen, while in C, 
baudinensis it is two-thirds of the length ol the 
abdomen. Living specimens can be distinguished 
by the transverse arc of blue pigment between the 
siphons. Further. C. pseudobaudinensis has a 
typically clavelinid larva. while the larvae of C, 
baudinensis are small and their adhesive apparatus 
is unique — not being known for any other species. 

Clavelina pyeudobaudinensis has à wide range 
in Australian temperate waters, while C. baudi- 
nensis is apparently confined to Cockburn Sound. 

The two specimens referred to by Caullery 
(1900). on which he based the definition of the 
genus Syrclavella, could be either the present 
species or C, baudinensis, However, since neither 
ol the French expeditions which collected 
specimens, the Coguille and the Asirolabe 
respectively, visited Western Australian waters, 
Caullery's species are probably synonyms of C. 
pseucobaudinensis, 

Possibly the species most closely resembling €. 
pseudobaudinensis is C, qustraliy which, although 
they are not embedded completely. has large 
zooids, similar larvae, incubatory pouch and white 
spots in the test, 


Clavelina robusta n.sp. 
(Fig, 20. Plate 4g) 
Podaclavella meridionalis; Pizon, 1908, p. 197. 
Podoclavella. moliecensis; "Nan Name, 1918, p. 130 
(part). Haustimgs, 1931, p. 82. ?Millar, 1975, p.211, 
Clavelina moluccensis: Tokioka, 19672, p. 104, Tokioka 
and Nishikawa, 1976, p. 347, 


DisrRIRUTION 

Tyrer Locarjry Western Australia (Houtman's 
Abrolhos, Goss Passage, Beacon, Wallabi Group. 20 
30m, coll. WA Museum party, 1.4.78, holotype WAM 
753.83 QM. GH2140; paratype WAM 755.83), 

FURTHER Reeorns: Western Australia (Broome, 
WAM 751.83. QM GH2139: Exmouth Gull, OM 
G11934; Shark Bay. WAM 754.83; Houlman’s Abrol- 
hos, WAM 374,80 230.88). Queensland (Lizard 1.. QM 
GH4U73). Northern Territory (Port Essington, QM 
GH4074), Philippines (QM G12737). 

Previously Recorpen Queensland (Low ly AM 
613503 Hastings 1931). Palau Is (Tokioka 1967a). 
Indonesia (Pizon 1908). Philippines (?Van Name 1918, 
Millar 1975), Japan (Tokioka and Nishikawa 1976). 

The species has a tropical western Pacific range, 


DESCRIPTION: 

Externat Arrranance: Colonies are large. 
with large zomds, dark blue im preseryative clearly 
seen through the whitish translucent test. In some 


zouids from which the colour is fading the blue 
pigment spreads üround the sides from the dorsal 
surface and extends in a band along each side 
of the endostyle. It encloses a light coloured arca 
over the anterior end of the zooid, and a dark 
patch down the dorsal surface of the branchial 
siphon. Collectors notes and photographs of 
Philippine specimens (QM G12757, coll. M.E. 
Cowan) indicate that living specimens were black 
with fluorescent green rings around the siphons, 
the ring around the branchial siphon being a wide 
bund interrupted over the dorsal tubercle, while 
the ring around the atrial siphon is a narrow band 
around the rim of the aperture. 

The basal part of the test is gelatinous and very 
firm, às is the test in the abdominal region. The 
test over the thoraces is softer and more 
transparent, but never glassy. Zooids are separate 
for varying parts of their length — sometimes the 
abdomen or some part of it is embedded in 
common test, or shares a stalk with another zooid,. 
or alten the whole zooid is entirely separate. The 
basal test often forms a massive or irregular stalk 
for the colony. Colonies are often solid, the zooid 
stalks adhering to one another. 

INTERNA! STRUCTURE: Zooids are large, 2cm 
to 4em long with the thorax and posterior eud 
of the abdomen about (0, 5cm wide in fairly relaxed 
zooids. However, strong longitudinal muscles 
extend along the length of the thorax and abdomen 
and znoids are often strongly contracted, The 
posterior expanded part of the abdomen, contain- 
ing the stomach and gonads, is about ane quarter 
of the length of the more relaxed zooids. The 
remainder of the length is equally shared by the 
thorax and the oesophageal neck. Thoracic 
muscles are conspicuous and strong, with formula 
SE,3B,3D. When contracted, muscles from the 
right side of the thorax swing around onto the 
ventral part of the oesophageal neck and then onto 
the left side of the posterior part of the abdomen. 
Muscles from the left side of the thorax curve 
dorsally and on to the right side of the abdomen. 
There are four large branchial tentacles in an outer 
circle and. anterior to these, an irregular 
arrangement of more numerous middle-sized and 
smaller tentacles. The opening of the neural gland 
is a vertical slit on a large fleshy cushion. There 
are 18 to 22 rows of 60 to 80 stigmata. 

The ocsophagus lacks a prestomach. The 
stomach as relatively narrow and pear-shaped. 
sometimes. but not always, with one or 2 ridges 
in the internal lining each side of the suture line. 
Gonads are in the gut loap, The ovary has 
particularly large exes. Embryos are crowded. 
more or less in 3 rows in the upper half of the 
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Fic. 20. Clavelina robusta n.sp.: a, colony (holotype WAM 753.83): b, relaxed zooid (holotype QM GH2140); 
c,d, contracted 7001ds [rom left and right respectively (QM G11934): ef, zooids showing gonads and brooding 
embryos (QM GH4074, holotype QM GH2140); g, larva (paratype WAM 755.83). Scales: a-f, 2mm; g, 0.2mm, 
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oesophagcal neck where the oviduct is expanded 
to form a brood pouch, wherc embryos begin their 
development, continuing it first in the distal end 
of the oviduct across the posterior end of the 
thorax and then free in thc peribranchial cavity. 

Larvae arc large, the larval trunk being 1.3mm 
long. The tail is short, barely reaching the anterior 
end of the trunk. The 3 adhesive organs are well 
dcveloped, with a relatively deep cup of ectodermal 
cells around the axial cone. The ventral stalk 
supporting the frontal plate is long, with small 
rounded ampullae alternating with the hases of 
the adhesive organs. 

Embryos are present in colonies from Western 
Australia and the Northern Territory collected in 
September (QM G11934, GH4074) and from 
Western Australia in April (WAM 753-5.83). 


Remarks: The size of the zooids and colony, 
the long narrow oesophageal neck, and the muscle 
formula of this species arc similar to Clavelina 
australis. The latter species can be distinguished 
by its median pigment patches, the absence of 
brooding emhryos from the upper part of the 
oesophageal neck, as well as bv its much smaller 
larvae with a relatively long tail. Certain aspects 
of the zooids and colonies resemble C. elegans 
which, however, has fewer oblique muscle bands 
and more longitudinal ones than does C. robusta. 

The colour of the living specimens from the 
Philippines (QM G12757) closely resembles that 
of Clavelina viola. The latter species appears (from 
its photographs) similarly dark, with white, ycllow 
or green spread over the thorax in speckles. In 
the present species this colour is confined to sharp 
bands around the siphons. Also Clavelina robusta 
700ids are more robust. 


Clavelina moluccensis: Tokioka, 1967a and 
Podoclavella moluccensis: Millar, 1975 appear 
specimens of Clavelina robusta n.sp., having 
similar colonies, large zooids with a long 
oesophageal neck, a similar muscle formula, large 
larvae with small ampullae on the frontal plate, 
and a short tail. The branchial tentacles and dorsal 
tubercle of C. robusta are identical with those 
figured by Tokioka (19672, lig. 35d). Further. the 
light area around the siphons in prescrved 
specimens from Western Australia (WAM 755.83) 
is that part of the zooid which Tokioka descrihes 
as having been a very bright yellow colour in life. 
Clavelina moluccensis; Tokioka and Nishikawa, 
1976 also appear specimens of C. robusta having, 
in addition to the other characters listed ahove, 
embryos in the upper abdominal part of the 
oviduct and purple pigment persisting in the 
anterior part of preserved zooids. 


Genus Nephtheis Gould, 1856 


Type species: Oxycorynia fascicularis Drasche, 
1882 


A monotypic genus of Clavelinidae with 
completely embedded zooids in a conical, fleshy, 
stalked head. The thick stalk contains a unique 
three-dimensional vascular network. Replicate 
zooids form in the terminal ampullac of this 
network, Unlike other Clavelinidae the terminal 
ampullae protrude from the vascular network at 
the top of the stalk just below the zooid-beuring 
part, rather than being distant from the zooids 
at the base of the stalk; and the ampullae do not 
separate from the vascular network prior to the 
development of the replicates, 

There are no divisions of the gut postcrior to 
the stomach although a prestomach is formed 
halfway down the oesophagus. The hranchial 
tentacles arc in a single circle on the edge of a 
narrow velum, and are not numerous, Larvae have 
the characteristic Clavelina Torm, being large with 
triradially arranged adhesive organs consisting of 
an axial cone of columnar cells surrounded hy 
a collar of enlarged epidermal cells on a stalked 
frontal plate. Z 

Nephtheis appears closc to Clavelina. Zooids 
of N. fascicularis havc muscles conlincd to the 
thorax as in C. cylindrica, as well as having the 
same short gut loop, prestomach, and long colony 
with zooids around the periphery of a central axial 
stalk (although in C. evlindrica the zoolds are not 
completely embedded as they are in the present 
genus) Further, although the nephtheid mesh- 
work vascular cylinder is not present in the genus 
Clavelina. in C. pseudobaudinensis the blood 
vessels do extend parallcl to one another up the 
length of the stalk and terminate at the top as 
they do in the present genus. The principal 
distinctions hetween Nephtheis and Clavelina are 
the vascular network, and the single circle ol 
branchial tentacles. Gonads of Nephtheis are 
smaller than those of Clavelina. Although testis 
follicles are larger, they arc confined to the gut 
loop and are more or less in a circle around the 
ovary rather than spread around the outside of 
the gut as in Clavelina. 


Nephtheis fascicularis (Drasche, 1882) 
(Fig. 21. Plate 5a-c) 

Nepliuheis (?) Gould, 1856, p. 16. 

Oxycorvnia fascicularis Drasche, 1882, p. 175. Millar. 
1963a, p. 717. Nishikawa, 1984, p. 116. Monniot, 1988, 
p. 205. 

Nephtheis fascicularis: Tokioka, 1952, p. 100; 1970, p. 
85. Millar, 1975, p. 209. 
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Colella thomsoni Herdman, 18556, p. 84, 

Nephiheis thomson? Sluiter, 1909, p. 36. Hartmever, 
1919, p: 121]. 

Nephiheis thompsoni Van Name, 1918; p, (44, 

Nephihets mialavensis Sutter, 1909, p. 36. 

Nephiheis Jacifarmis Sluner, 1909, p. 39, 


Dis FRU rN 

Niw Wreonps Western Australia (Hroome.. QM 
(9258, WAM 566.83 868.83 BR2.83). Queensland 
(Martha Ridgeway Reef, QM GH280 GIH2093). 
Philippines (QM (612756 GH465. GH499). Northern 
Territory (Darwin Warbour), Australian coust (SAM 
E2037). 

Purvioóosry Rrecontrpo Western Austraba (North- 
western coust Millar 19634). Arafura Sea (Tokioka 
1952). New Caledonia (Monniot 1948), Ponape 1. 
(Nishikawa 1984), Philippines und the Sulu Seu (Gould 
1856, Van Name 1918. Tokioka 1970, Millar 1975). 
Caroline Is (Drasehe £482). (Indonesia (Herdman 1886, 
*iIuner 1909). 


Drserip nan 

EXTERMAL APPEARANCE, Colonies have firm 
thick stalks. up to 3.Sem in diameter and 20cm 
long. although usually the stalk is in the vicinity 
ol 21o3em long. Sometimes many stalks are joined 
hy common basal test, from which additional 
stalks arise. The diameter of the stalk usually 
decreases toward the zooid-bearing head. The 
heads are progressively spherical, conical. and long 
(up Lo 16cm) and cylindrical, the head lengthening 
às zooids are added from around the periphery 
ol (he vascular network at the top of the stalk. 
The largest specimen of the newly recorded 
material (WAM 866.83) is rope-like with a head 
l6cm long and the stalk 146m. As ring after ring 
of zoolds develop from the top of the stalk, the 
vascular network expands behind them, filling the 
centre of the head with an axis that as a 
continuation of the stalk, and that supports the 
lengthening head of the colony, Thus a conical 
to cylindrical head consists of an outer layer of 
700ids, their abdomina projecting inwards toward 
the vascular network of the central axis. Each 
zooid Maintains its connection with the vascular 
network through its posterior abdominal stolon, 
Smaller heads consist of hemispheres 10 cones of 
zookds over the top of the stalk. their vaseular 
slolons projecting down to join the vascular 
network that, at this stage, is confined to the stalk, 

Several headless stalks ace available |rom 
Roebuck Bay (QM CG9258). These narrow to à 
point at their terminal free end. New zooids are 
developing around the narrowing free ends, the 
largest 200ids at the top and the smallest further 
toward the wider base, These appear regenerating 
colonies in which the zooids have either regressed 
or have been lost through mechanical damage, 


Ii the newly recorded Material, long eylindrical 
and conical heads are Irom Roebuck Bay, Broome, 
while the specimens from the Great Barrier Reef 
and the Philippines are all shorter, spherical, oval 
or small cones, 

The stalks are firm, although the vascular 
network confers on them a spongy texture, There 
is only a thin layer of test in the zooid layer of 
the head and it 18 exceptionally salt. 

INTERNAL STRUCTURE: Zooids lic in the colony 
with their ventral sides toward the outside and 
the base. The branchial apertures are turned 
ventrally and open below the atrial apertures. Both 
apertures are smooth. Zooids are about lem long, 
the thorax longer than the abdomen, Thoracic 
musculature, with formula 24E,4B,4D,3A, con- 
sists of relatively short transverse and oblique 
bands extending across each side from the atrial 
siphon, the branchial siphon and the endostyle, 
and attenuating over the dorsal and posterior 
borders ol the thorax. Muscles do not extend onto 
the abdomen. There are only 8 branchial tentacles, 
produced from the edge of à narrow velum. ‘Lhe 
opening of the neural duct is a simple oval opening. 

Newly recorded colonies have from 12 to 14 
rows al stigmata. Zooids at the top of the large 
heads from Roebuck Bay have 14 rows and those 
at the base of the same head have 12 rows of 
stigmata. Smaller colonics from Martha Ridgeway 
Reef have 13 rows in zooids at the top and 12 
in those at the bottom of the heads. About 30 
stigmata are in each row. The gut loop is short. 
A small rounded prestomach lies halfway down 
the oesophagus. and à rounded stomach, with a 
suture line but no other structural folds or ridges, 
is about halfway down the abdomen. No uther 
structures differentiate any part of the gut, which 
continues as a plain cylindrical tube extending 
from the end ol the stomach to the anus, (about 
halfway up the thorax), Gonads are confined to 
the pole of the gut loop posterior to the stomach. 
The central ovary, containing up to 8 large eggs, 
is surrounded by relatively large testis follicles. 
A small incipient brood pouch occurs at the 
postero-dorsal corner of the thorax. 

Neither embryos nor larvae were present in the 
newly recorded specimens which were collected 
in May, July and October. Tokioka (1952) records 
up to 6 embryos in the brood pouch in specimens 
from the Arafura Sea in October. Larvae are large. 
The trunk [mim long and deeper than long. The 
3 adhesive organs are of the usual clavelinid type 
with a collar of cella around the central cone, and 
they are triradjally arranged on a frontal plate 
(see Tokioka 1952), 

Ri MARKS: [n the newly recorded material the 
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Fio, 21, Nephtheis fascicularis: ab, colonies (QM G112093 G12756), c. colony showing top ot stalk with vascular 
reticulum (QM GH2093); d, zomg (QM (9258). Seales: ub, 5rmin; e, 2min; d. Imm. 
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large colonies with the stalk continuing up through 
the head to form a central axis are all from 
Roebuck Bay, Broome and there were no small 
colonies without the vascular network continuing 
up into the centre of the head recorded from that 
location. Van Name (1918) reported long colonies 
from the Philippines, up to nearly 20cm total 
length, that he likened to ‘elongated pine cones’ 
(Van Namc 1918, p. 144). Although he does not 
mention the vascular network extending into the 
head it is probable that it does. 

Colour also varies in some colonies. The western 
Australian ones are translucent (both living and 
in preservative). All other colonies in the newly 
recorded material are opaque blue, and this colour 
persists in the preserved specimens which have a 
conspicuous vascular network in the body wall 
that is not conspicuous in the colonies from 
Broomc, However. Van Name observed similar 
colour variations in his Philippine material. It is 
likely that the variations in the extent to which 
the vascular network of the stalk penetrates the 
head, and in the intensity of pigmentation are, 
respectively, due to age and intraspecific variation, 
rather than genetic differences associated with an 
indigenous Roebuck Bay species isolated from 
populations in the Arafura Sea and to the 
north. 

Roebuck Bay colonies found at the extreme low 
tide level, when exposed, continually drip water 
(pers. comm. N. Coleman). 

Herdman (1899) believed these Roebuck Bay 
populations (see Saville Kent 1897) to be Colella 
claviformis Herdman, 1899 (« Euclavella n.gen. 
claviformis). Kott (1957a) suggested they could 
be Sigillina cvanea. However, in both cases 
similarities are only superficial and there are 
differences in the colonies as well as in the zooids. 
Both Herdman’s and Kott's guesses were based 
on the similar general shape of the colony which 
consists of a strong, firm common stalk that raises 
the zooid-bearing head off the substrate. This 
colony type is found in other species of Holozoidae 
and also in the Polycitoridae and the Polyclinidae, 
and appears to be convergent. 

The similarity of the colony and the zooids of 
this specics to those of Clavelina cylindrica has 
been referred to above. The short zooid with short 
thoracic muscles and short gut loop that is found 
in C. evlindrica and Nephtheis fascicularis may 
be a convergent adaptation associated with the 
stalked rope-like colony with a layer of zooids 
surrounding a central axial stalk. However the 
presence of the prestomach and Clavelina-type 
larva suggests a phylogenetic relationship as 
well. 


Family PYCNOCLAVELLIDAE new family 


The family accommodates Pyenoclavella 
Garstang, 1891 and the new monotypic genus 
Euclavella, both containing species formerly in 
Clavelinidae. 

The new family is characterised by its relatively 
small but thread-like zooids divided into thorax 
and abdomen, smooth apertures, no internal 
longitudinal branchial vessels, a long oesophageal 
neck, smooth stomach at the posterior end of thc 
abdomen, and a posterior stomach in the pole 
of the gut loop rather than (as in Clavelinidae) 
in the descending limb. The anus opens at the 
base of the atrial cavity (unlike the Clavelinidae 
or Diazonidae where it opens some distance up 
the branchial sac). A vascular stolon contains a 
mesodermal septum. Gonads are reduced in size, 
the testis consisting of a compact group of follicles 
or (in one species) a single follicle. Only in 
Euclavella n. gen. do they spread out over the 
outsidc of the gut as they do in Clavelinidae. The 
ovary is always small, containing no more than 
about 6 eggs. Eggs are fertilised at the base of 
the oviduct and develop as they move anteriorly. 
The principal character separating the new family 
from Clavelinidae is the unique larva with 2 or 
3 long, tubular adhesive organs invaginated into 
the anterior half of the larval trunk. They are 
placed one above the other in the anterior mid- 
line when 2 are present, but when 3 they retain 
the primitive triradial arrangement. Prior to 
settlement. or when pressure is applied to the trunk 
of the mature larva, these tubes evert, projecting 
out in the Iront of the larval trunk with the group 
of adhesive cells formerly at the base of the tube 
now on the tip of the everted organs. Larvae of 
many species of Pycnoclavellidae are also unusual 
in lacking an otolith in the cerebral vesicle. 
However, this is not universal throughout the 
family, and its absence may be a secondary 
adaptation, associated with the long sticky 
adhesive organs (Trason 1963). 

Trason (1963) demonstrated similar tubular 
adhesive organs in larvae of P. stanleyi Berrill and 
Abbott, 1949 as those reported for larvae of other 
species known at that time, viz. P. aurilucens 
Garstang, 1891 from the English Channel (see 
Berrill 1947a) and P. minuta Millar, 1953b from 
Africa. Larvae are now known for all subsequently 
described species of Prenoclavella, except P. 
kottae (Millar, 1960) and P. aurautia n.sp., and 
they all have these unique adhesive organs, as do 
the larvae of Euclavella n. gen. They appear 
unrelatcd to the stalkcd adhesive organs com- 
monly found in Clavelina spp., which consist of 
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a conc ol columnar cells surrounded by a collar 
or cup of epidermal cells. The long, invaginated 
epidermal tubes of the Pycnoclavellidae could 
have evolved only from a simple, sessile. non- 
everting cionid-type adhesive organ. 

Berrill (1947a) placed Pycnoclavella in Clave- 
linidae, assuming the vascular stolon with its 
terminal enlargement and mesodermal septum was 
an indication of a similar method ol replication 
to that in Clavelina spp. However, Trason (1963) 
showed replication in Pycnoclavella was different 
from that in Clavelinidae. She maintained, with 
Pycnoclavella included, Clavelinidae was ‘an 
artificial assemblage’ (Trason 1963 p. 323). Trason 
(loc. cit.) demonstrated, in Prenoclavella stanleyi 
Berrill and Ahbott, 1949, that although the 
regenerating zooid remains connected to the 
stolonic vessel with its terminal expansion, it 
originates from horizontal division across the 
abdomen of the parent zooid; and thc regenerative 
process involves cpicardial tissue as in many other 
aplousobranch ascidians (but not in Clavelinidae). 

Replication of Euclavella has not been inves- 
tigated. The relationship between £uc/avella and 
Pycnoclavella is, at this stage, based entirely on 
larval form. 

Larvae of species of both Clavelinidae and 
Pycnoclavellidae are large, a characteristic of 
viviparous larvac of colonial specics (sce Anno- 
tated Glossary, above; and Kott 1985). Conse- 
quentlv. these families have a long evolutionary 
history as colonial organisms. However, at this 
stage, there is no indication of a relationship 
between the two forms of replication producing 
colonies in Clavelinidae and Pycnoclavellidac 
respectively; and therelore nothing to indicate if 
replication had evolved in a common cionid-like 
ancestor before either of these extant families 
separated from it. In fact, only the possession of 
smooth-rimmed apertures — a character that 
otherwise occurs only in some zooids of the 
Stolidobranchia simplified as a result of size 
reduction (e.g. in Polyzoinae) suggests a 
common ancestor. Pycnoclavellid genera are 
distinguished from Euherdmania (Polyclinidae), 
which has similar larvae, and in which fertilisation 
is at the base of the oviduct, by the clavelinid- 
like characters of the zooids (smooth-rimmed 
apertures, smooth stomach walls and absence of 
a posterior abdomen). 

In addition to theunusual larval adhesive organs 
and probably the process of replication, the large 
pigmented orange or green cells that so often 
predominate in both zooids and larvae are also 
characteristic of this family. In larvae these cells 
are usually present in the test, and they subse- 


quently amass in the tip of thc vascular process, 
and apparently colour adult zooids. Neither Berrill 
(1950) nor Trason (1963) believed thev were the 
samc as cells that Trason (1963 p. 311) observed 
‘moving in the circulatory system throughout the 
animal ,..’ and that are ‘seen in great numbers 
in the abdomen of the oozooid before budding 
occurs’, 

Though records are few, possibly because 
colonies arc cryptic and usually not intertidal, 
Pyenoclavella, found in Atlantic and Pacific 
oceans, and in tropical as well as temperate waters 
is especially well represented in Australian waters. 
Euclavella is known by only one spccics recorded 
from the coast of New South Wales and the North 
Island ol New Zealand. 


Genus Pyenoclavella Garstang, 1891 


Type species: Prenoclavella aurilucens Garstang, 
1891 


The genus contains colonial species with 
relatively small, partially embedded. or almost 
separate zooids, with a short thorax and long 
narrow abdomen. Eggs are fertilised in the base 
of the oviduct and continue their development as 
they pass up it to the atrial cavity. Larvae are 
characteristic of the new family, Pyenoclavellidae, 
having 3, or sometimes only 2, long, tubular, 
eversible adhesive organs, The otolith is often, hut 
not always, absent from the larval cerehral vesicle 
(see P. aurilucens, P. stanlevi. as well as P. minuta. 
P. detorta and P. elongata n. sp.). However, a 
small otolith is present with the ocellus in P. 
arenosa. P. diminuta and P. tabella n.sp. Larvac 
of some Pycnoclavella spp. (P. arenosa. P. 
stanlevi, P. aurilucens and P. minuta) often (but 
not always) have the epidermis at the anterior end 
ol thc trunk thrown up into longitudinal! ridges 
(relerred to as ampullae) and furrows (that form 
pockets) around the adhesive organs. 

Pycnoclavella is distinguished from Euclavella 
by smaller zooids, fertilisation of eggs in the base 
of the oviduct and partially separate 7ooids. 

Probably Arclilascidia is a synonym ol Pycnoc- 
lavella. Deflection of the dorsal ends of the 
anterior and posterior rows of stigmata along the 
mid-dorsal line, described below lor all Prenoc- 
lavella except P. elongata n. sp., has been noted 
for Archiascidia neapolitana Julin, 1904 from the 
Mediterranean (see Brien 1948). Brien believed it 
à neotenous condition. However, the presence of 
dorsal langucts associated with thesc deflections 
of stigmata suggest an cvolutionary reduction in 
size of the branchial sac rather than a persisting 
embryological condition. It occurs in other small 
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(reduced) zooids, viz. Eudistoma and Cystodytes 

(Polycitoridae) with 3 and 4 rows of stigmata, 

respectively. It probably is convergent rather than 

indicative of a phylogenetic relationship between 

Pycnoclavellidae and Polycitoridae. 

The genus can be conveniently separatcd into 

3 groups of species, based on colony form: 

l. Aurilucens group contains P. aurilucens from 
the English Channel, P. minuta from tropical 
western Africa, and P. arenosa. with a common 
basal test mass in which the posterior ends of 
zooids are embedded. These species contain 
large pigmented morula cells in the larval test. 
Pycnoclavella aurilucens and P. arenosa, have. 
respectively, green and yellow larvae and 
adults. The colour of P. minuta is not known. 
Larvae have longitudinal ridges (‘ampullae’) at 
the anterior end of the trunk and adhesivc 
organs are not as deeply invaginated as in other 
groups. 

2. Stanleyí group contains P. stanleyi from 
California, P. diminuta, P. tabella n.sp. and 
P. elongata n.sp., with basal stolons but no 
common mass of test. These species also 
contain pigmented cells in the larval test, and 
both larvae and adults are orange in all except 
some specimens of P. diminuta — which have 
blue, white, or brown adult thoraces. Longi- 
tudinal furrows at the anterior end of the larval 
trunk have been detected only in P. stanleyi. 
Adhesive organs are always deeply invaginatcd. 

3. Detorta group contains P. detorta, P. kottae 
from New Zealand. and P. aurantia n.sp. with 
thoraces turned through 90? Both P. detorta 
and P. aurantia have orange pigment, although 
the colour of P. kottae is not known. The larva 
is known only for P. detorta. |t has 3 long 
adhesive organs and the oozooid is better 
developed than usual with the gut loop 
differentiated, longitudinal thoracic muscles 
and 6 rows of stigmata. 


Pycnoclavella is diverse in Australian waters. 
Although zooids are small, colonies are striking 
when alive. Consequently they have been photo- 
graphed frequently by SCUBA divers. Pycnocla- 
vella detorta and P. diminuta are tropical species. 
while all others are temperate, possibly isolated 
from tropical ancestors, e.g. Pycnoclavella 
aurantia n.sp. is clearly related to P. detorta: and 
P. tabella n.sp. to P. diminuta and both pairs 
probably arc sister species. 


KEY TO THE SPECIES OF PYCNOCLAV ELLA 
RECORDED FROM AUSTRALIA 


l. Thoraces turned through 90°, the atrial 


aperture terminal «oorr d hr 2 
Thoraces not turned through 90°. the branchial 
aperture terminal 2... smettere eke 3 

2. Stiematd In O TOWS troces reet P. detorta 
Stigmata in 8 rows ........ P. aurantia n.sp. 

3. Stigmata ini 3 rOWS «ss case canes aas runauna, 4 
Stigmata imc 3 r0WS_ cese sete e ERES 5 

4. Zooids thread-like, with less than 20 stigmata 
DerTOW me T e RET P. tabella n.sp. 
Zooids not thread-like, with more than 20 
stigmata Der TOW Cas ioa rests P. diminuta 

5. Abdomina cmbedded in a branching axial 
stalk, stigmata in 6 rows....... P. arenosa 
Abdomina not embedded in a branching axial 
stalk; stigmata in > 6 rows ornes can taurs 
SUE P. elongata n.sp. 


The only confirmed species known from the 
western Pacific and not yet recorded from 
Australia is Pyenoclavella kottae Millar, 1960, 
from the North 1., New Zealand, distinguished 
from P. detorta and P. aurantia n.sp. by its more 
numcrous (13 to 27) rows of stigmata. 


Pycnoclavella arenosa (Kott, 1972) 
(Fig. 22. Plate 5d) 
Oxvcorvnia arenosa Koit, 1972b, p. 167. 


DiS1RIBUT1ON 

New RrcoRps: Victoria (Bass Strait, QM GH4226 
GH4360). 

PRrviorsi v Recornen South Australia (Investiga- 
tor Strait — MV H168 holotype. MV H169 paratype 
Kott 1972b). 


DrscRiPTION 

EXTERNAL APPEARANCE: Zooids are arranged 
around cylindrical and irregularly branching 
central common stalks 1.0 to 1.75cm in diameter 
and up to 9cm long. The outer layer of test. 
through which pass the oesophageal necks of the 
zooids, is sandy. Separate thoraces of the zooids 
project out beyond thc sand along the length of 
the branching common stalks. The thoracic test 
is free of sand and transparent. The central test 
of the stalk, inside the sand, is soft, transparent, 
and contains abdomina of zooids and their long 
vascular stolons. In preservative morula blood 
cclls in the zooids (especially crowded in the 
branchial sac) are dark and can be seen through 
the outer coat of sand. The layer of test around 
zooids contains circular brown plates resembling 
the spherical bodies in the test of Pycnoclavella 
diminuta. but more crowded. 

Colour photographs of the newly recorded 
specimen from Erith l. Bass Strait, show the 
thoraces as yellow, but in preservative thcy are 
purple-brown. 
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INTERNAL SrRUCTURE: The zooids are less than 
lcm long, the abdomen up to 4 times the length 
of the thorax. Apertures are smooth-rimmed. 
‘Twelve broad longitudinal musele bands, with the 
formula 3E,6B,3D on the thorax extend onto the 
abdomen. 

There are 6 rows of 20 reetangular stigmata and 
the dorsal ends ol the anterior and posterior rows 
turn anteriorly and posteriorly, respectively, to 
extend along eaeh side of the mid-dorsal line. The 
smooth, almost spherieal stomaeh is in the 
posterior end of the abdomen and an oval 
posterior stomach 1s in the polc of the gut loop. 
In all examined speeimens the body wall around 
the posterior end of the gut loop, and the space 
enclosed by it, are crowded with the trophozooite 
eells eharacteristie of a vegetative condition. 

Up to 8 embryos line up in the oviduet in zooids 
from the newly reeorded eolony Irom Bass Strait, 
which was eollected in May. Larvae are relatively 
small (trunk 0.7mm long). The tail is wound three- 
quarters of the way around the trunk. Just before 
larval release it is curved up across the lcft side 
of the anterior end of the trunk. Internal structure 
is diffieult to diseern beeause of thc dark blood 
corpuseles in the larval test and haemocoelie 
cavity. There is a large ocellus and a small otolith. 
Two inverted, tubular adhesive organs at the 
anterior end of the trunk are not as large as in 
other species of the genus. At the anterior end 
the trunk epidermis folds to form 8 long furrows 
making ridges around the adhesive organs 
(referred to as ampullae by Berrill and Abbott 
1949, and Trason 1963). The furrows arc filled 
with the dark morula eells. There are 2 rows of 
large stigmata. 

Remarks: Colonies of this species are rcmin- 
iseent of Clavelina cylindrica, with zooids 
projecting out from cylindrical axial stalks. 
However, in C. ev/indrica the whole zooid projects 
while in P. arenosa it is only the thoraees that 
do. Further, both larvae and zooids of this species 
share eertain eharaeters with other Prenoclavella 
that distinguish them from C/avelina. They are 
smaller, have relatively longer abdomina, fewer 
and shorter rows of stigmata with the anterior 
and posterior rows defleeted along the mid-dorsal 
line, the stomach at the posterior end of abdomen, 
and the posterior stomaeh in the pole of the gut 
loop. Larvae are unusual, possessing an otolith 
and shorter adhesive organs than usual. The 
species is distinguished from others recorded from 
Australian waters by its eolony form and blood 
eells that appear dark in preservative. 

Prenoclavella aurilucens, Garstang, 1891 (? < 
Clavelina nana Lahille, 1890; see Berrill 1950) from 


Fic. 22, Prenoclavella arenosa. a, colony (holotype, MV 
H168); b, zooid (paratype MV H169); c, larva (QM 
GH 4226). Scales: a, 5mm; b. Imm; c, 0. Imm. 


the English Channel and P. minuta Millar, 1953b 
from Afriea have colonies similar to those of the 
present species, with the posterior ends of the 
zooids embedded in eommon basal test and at 
least the thorax protruding from it, rather than 
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being joined by basal connecting stalks as in P. 
diminuta and related species. However, this basal 
test is olive green and the tadpole larvae contain 
green pigment, sometimes being uniform green 
(Clavelina nana). \n the larval test and adult zooids 
of P. arenosa the morula cells that are purplish 
brown in preservative are probably yellow in lifc. 
They may be homologues of orange cells described 
by Trason (1963) in the larval test of P. stanleyi 
where they have the same distribution as in P. 
arenosa. In P. arenosa the cells in the adult 
circulatory system presumably confer the colour 
on the zooids in the same way as its orange cells 
affect thc adult zooids of P. stanlevi (see Trason 
1963). 


Pycnoclavella aurantia n.sp. 
(Fig. 23a. Plate 5e) 
DISTRIBUTION 
Tver Locarny: South Australia (Franklin 1., Nuyts 
Archipelago. 15m, breaking reef, coll, N, Holmes, 
location C, February 1983, holotype QM GH2295). 


DESCRIPTION 

ExTERNAL APPEARANCE: Colonies consist of 
clumps of balloon-like heads supported on long, 
thin, straight stalks arising from a mass of common 
basal test up to 5mm thick. The-balloon-like head 
is the thorax of the zooid, and the stalk is the 
oesophageal neck, the lower half to one-third of 
the abdomen being embedded in the basal test. 
The free part of the zooids is up to lem long. 
of which the head is from one-quarter to one- 
third. In life the expanded head is wider than 
longer. However, the thorax is turned through 90° 
on the top of the stalk (asin Pycnoclavella detorta) 
so that the branchial siphon is on one side and 
the atrial aperture is terminal. Thus the width of 
the head is actually the length of the thorax. Living 
specimens have uniformly orange stalks and 
heads. 

INTERNAL STRUCTURE: The body wall is dclicate 
and transparent. The ventral border of the zooid 
curves down toward the top of the stalk, and 
continues around the posterior end of the pharynx 
to the oesophageal opening in the position usually 
occupied by the retropharyngeal groove. Longi- 
tudinal and oblique muscle bands have the 
formula; SE.3B,3D. Oblique muscle bands run 
from the anterior half of the endostyle. In some 
contracted thoraces oblique muscles are reduccd 
to 3. Longitudinal muscles and thc most anterior 
of the oblique ones extend onto thc dorsal surface 
of the abdomen and continue along it in a broad 
band. Four more posterior, oblique muscle bands, 
having crossed the posterior end of the pharynx 
with the oesophageal end of the endostyle running 


along it. form a band extending along the ventral 
surface of the abdomen. 

About 16 long, curved branchial tentacles, with 
about- the same number of smaller tentacles 
encircle the base of the branchial siphon. Howcver, 
these were difficult to count, and rudimentary 
tentacles were not detected. The neural gland 
opening is a simple, circular aperture projecting 
into the pharynx. 

There are 8 rows of about 50 stigmata. However, 
the anterior and posterior rows of stigmata are 
longer and extend along the mid-linc where they 
add to the area of the branchial sac, forcing it 
out to form dorsal pockets or pouches on each 
side of the dorsal lamina. Bands of unperforated 
pharynx are both anterior and posterior to the 
perforated area. The oesophagus is long, extending 
along the right side of the rectum down to the 
stomach in the posterior end of the abdomen. 
Gonads arc in the gut loop postcrior to the 
stomach. They consist of a small group of up to 
5 ova in the middle of a mass of relatively long, 
pyriform follicles. The testis follicles are mature 
in the holotype, hut the ova are not. Larvac of 
this species are not known. 

Remarks: The species differs from Pycnocla- 
vella detorta in its having more rows of stigmata. 
slightly fewer muscle bands, and uniformly orange 
living colonies (instead of the iridescent green and 
gold of the tropical species). 1t is probable that 
P.aurantia is a sister species of the more widely 
distributed tropical P.detorta. 


Pycnoclavella detorta (Sluiter, 1904) 
(Fig. 23b-e. Plate Sf) 
Podoclavella detorta Sluiter, 1904, p. 6. Kott, 1957b, 
p. 130, 
Clavelina detorta; Van Name. 1918, p. 133. Millar, 1975, 
p. 209. Monniot 1988, p. 202. 


DisTRIBUTION 

New RrcoRps: Western Australia (Cockburn Sound, 
WAM 792.83; Geographe Bay, 13.84). Queensland 
(Heron 1. QM GH4079; Wistari Reef, QM G9488 
G11897. Philippines (QM GH527 GH529 GH532). 

PRrviousty Recorpep: New Caledonia (Monniot 
1988). Indonesia (Sluiter 1904). Philippines (Van Name 
1918; Millar 1975). Red Sea (Kott 1957h). 

The species appears to have a wide range in the tropieal 
western Pacific from the Philippines and south to the 
Capricorn Group in the Great Barrier Reef, and on the 
western Australian coast even further south to 
Geographe Bay. It has been taken down to 40m. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of 
large clumps of separate zooids up to 3cm long 
arising from common basal test. The test over 
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Fac. 23, Prenoclavella aurantia n.sp.: à, zooid (holotype QM GH2295). Prenoclavella detorta; b. colony (QM 
G11897); c, zooid (QM G11897); d.e, larvae, one with a tubular adhesive organ everted (QM G9488). Scales: 
a-e, 2mm; d.e, 0.5mm. 


thoracic parts of zooids is delicate and in life this 
is inflated and balloon-like. The test becomes 
firmer over the long narrow abdominal stalk. The 
branchial sac is bent over through 90? so the atrial 
cavity and aperture are terminal, the branchial 
aperture on one side, and the lower end of the 
endostyle and tlie retropharyngeal groove with the 


oesophagus and the rectum running alongside are 
on the other side of the stalked head. The terminal 
free end of the zooid has the dorsal lamina aeross 
it and the oesophagus opening at its dorsal edge. 

In preservative zooids are colourless, but in life 
have greenish irridescent patches around the 
branchial aperture and over the dorsal ganglion, 
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ü wide patch of orange across the dorsal surface 
behind the base of the branchial siphon, and 
intense orange in the endastyle and in the whale 
of the abdomen. 

Intrenat SiRUCIURE The unusual orientation 
uf the thorax is readily observed in living zooids 
owing to the bright orange of endostyle and 
rectum. The thorax oceupies only about. one- 
cighth of the total length of the zooid, the greater 
part being the long oesophageal neck. The stornach 
is at the posterior end of the body. The 7ooid 
extends. almost to the basal stolon, one or two 
short vascular stolons lie at the posterior end of 
the abdomen. 

"V he body wall is delicate. Conspicuous muscle 
bands. with the formula SE.4B.3D. extend from 
the hranchial siphon, the intersiphonal mid-line. 
and the anterior half of the endastyle to the other 
side of the thorax (posteriorly positioned in these 
eooids). Muscle bands trom the intersiphonal 
Space and the branchial siphon (longitudinal 
muscles) cross the posterior end of the pharynx 
where the endostyle continucs to the oesophagus 
in the position usually occupied by the retropha- 
rvugea) groove, Muscles then turn down to run 
along the dorsal side of the abdomen in a band 
with some of the oblique muscles from the anterior 
cnd of the endostyle. The more posterior oblique 
muscles cross the posterior half of the endostvle 
(the endostyle curving down into the stalk in a 
deep arc or V) and then extend into a broad band 
running down the ventral side of the abdomen. 
fine circular bands encircle each aperture. 
Branchial tentacles are slender, in 3 circles. the 
most posterior one with the 6 longest alternating 
with 6 of moderate length, and about twice the 
number of rudimentary tentacles in the anterior 
circle. [The neural gland opening : a simple 
transverse oval or kidney-shape. 

There are 6 rows of stigmata with about 24 in 
a middle row. Although the endostyle is hent down 
in a decp are and the dorsal lamina is straight 
across the anterior end of the zooid. the anterior 
and posterior rows of stigmata are not shorter 
than the middle rows, the shorter distance hetween 
vach end of the endostyle and the dorsal lamina 
being compensated for hy the deflection ol the 
dorsal stigmata along the mid-line dorsal to the 
areas of unperforated pharynx anterior and 
postertor to the perforated area, This creates 
pouches that project up on each side of the dorsal 
lamina at the dorsal ends of the anterior and 
posterior rows of stigmata. The oesophagus is long 
and narrow, extending down to a shield-shaped 
stomach near the posterior end of the ahdomen 
The stomach has a suture line but no structural 


ridges or folds. Gonads, consisting of rather large 
nyriform male follicles and a group of 5 or 6 small 
ova, he in the gut loop behind the stomach. 

Embryos complete their development in the 
atrial cavity at the top ol the free end of the zooid, 
where up to 4 large tailed embryos can he found 
ut a time, all at different stages of development. 
Embryos are present in colonics from Wistari Reet 
in August. 

Larvae are large. the trunk [7mm with a broad 
tail that encircles ahout three-quarters of the 
circumference al the trunk, The antenor hall of 
the trunk is penetrated by 3 long tubilai 
invaginations of larval epidermis with the group 
of adhesive cells in the base of the tube. When 
these adhesive organs evert the front of the trunk 
becomes flattened. Before release of larvae these 
organs will evert if slight pressure is applied to 
the trunk, even in the preserved material, Aur 
ocellis but no otalitb ocenrs in the cerebral vesicle. 
The taival test lacks the datkly pigmented morula 
cells found in P. diminuta, P. Qhella nsp and 
P. arenosa, There are five rows of short stigmata 
in the branchial sac. 

Remarks. Prcnoclavella auranria n.sp. from 
South Australia and P. kottae Millar Tram the 
North Island, New Zealand, appear close relatives 
of this tropical species. Both have separate 2ooids 
with the branchial sac turned through an angle 
of 90°, however both have more rows of stigmata 
— P. aurantia has 8 and P. kottar has irom 13 
to 27. 

Although developing embryos have not been 
observed in the oviduct of the newly recorded 
material, Van Name (1918 p. 134) reported them 
to be present ip the ‘proximal part of the abdomen’ 
as well as in the atrial cavity. Certainly in the 
present collection embryos in the atrial cavity are 
all tailed larvae. which have already have 
undergone a period of development. [t is most 
likely that this began at the base ol the oviduct. 

"The horn-like projections of the test reported 
by Millar (1975) were not abserved in any of the 
present specimens, not even those cecorded trom 
the Philippines. 


Pycnoclavella diminuta (Kott, 1957) 
(Fig. 24 Plate 62 f) 

Clavelina diminuta Kott, 19572, p, 89. 

Preioclavella diminuara, Millar, 196323. p. 718. Rott 
1972b. p. 170 (part, not small specimen from Tipara 
Reef ^ Prcnmolavella tabella n.sp.) 

Clavelina todula Katt, 1972b, p. 166. 

Archidistoma richeri Moon, 1988, p. 199. 

Archudistama rubripuncium Mennin, 198. p. 200. 
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Fia 24, Prenoclavella diminuta: a,b, colonies (QM GH1194 GH1302); ed, 7ooids (QM GH4083 GI0162); e, 
abdomen showing testis (QM G10162): f, portion of branchial sac showing posterior row of stigmata extending 
posteriorly alongside mid-dorsal line (QM GH324); g. larva (QM GH4083). Scales: a.b, 5mm; c-e, Imm: fg. 
0.5mm. 
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DistRIBMI TION 

New Recowos: Western Australia (Exmouth Gull, 
QM GH4083 GH4084; Shark Bay, WAM746,83 982.83; 
Houtman's Abrolhos, WAM 372,80, Rottnest L, OM 
GH4089). South Australia (Great Australian Bight. 
GHI1283 GHI302 (H2293 GH2389), New South Wales 
(Lord Howe EL, QM GH53 GH4373 GH4377), Queens- 
land (Heron E, QM GH4081 GH4089; Lizard 1., QM 
G10162 611994 GH324 GH 3117). Northern Territory 
(Darwin, QM GH4293). Philippines (QM GH457-8 
GH492 GH534 GH545-8 GH4109 GH4112 3 GH4ITS). 

Purvioostv Recorkorb, Western. Australia (Cape 
Boileau Millar 19634; Rottnest 1. AM Y1193- 
5 Kou 19573), South Australia (Great Australian Bight, 
Spencer Gull. St Vincent Gulf SAM E2038 Kort 
19725) New Caledonia (F. Monniot 1988). 

The species is known [rom 3 ra 20m, usually in caves 
and under ledges. |t is apparently 3 Iropual western 
Pacific form extending around the Australian coast. The 
collection of only a single amall colony from Heron | 
ts surprising in view of (he intensity Of collecting that 
has taken place at that location. 


DESCRIPTION 

Exibenan Arviatanct: Living colonies con- 
sist of a mass of spherical heads, about 5mm in 
diameter, ot narrow straight stalks up to 2em long 
that arise from a basal common miss of test, The 
test on the stalks is gelatinous but rather firm and 
almost opaque, while that on the head is glassy, 
soft and usually mutilated in the preserved 
specimens, In preservative the stalks are wrinkled 
and thicker than in life with brown oily-looking 
vesicles scattered through the test. These vesicles, 
of various sizes, the largest in the internal test 
against the body wall of the zooid, have not been 
seen in the living colonies. which are variously 
referred to as ‘light globe’, 'blue-pod',^vellow-pnod , 
"brown-pod' and "white-bead" ascidians, indicating 
a wide colour diversity. This is not associated with 
the geographic location of the populations 
sampled and docs not reflect morphological 
differences. In the Philippines, collector's notes 
refer to colonies as white. orange, purple and 
blackish with white markings. There are both 
brown and blue colonies from Exmouth Gulf; 
South Australian colonies have white heads with 
yellow stalks or are uniformly yellow; and the 
Lizard I. specimens are deep blue, The colour of 
the single small colony collected from Heron I. 
is not known. The pink colour noted in a small 
colony trom Darwin (QM GH4293) may have been 
caused by the masses of nauplius larvae of a 
parasitic copepod. 

The head contains the thorax of the zooid, in 
lite expanded into the characteristic spherical 
shape. The long, narrow abdomen occupies the 
stalk and usually extends into the basal test mass. 


InteRNAL SrRucturRE The body wall is 
delicate, with distinct musele bands with formulae 
5[,3B0,3D (both blue and brown colonies from 
Exmouth Gulf); 7E,7B,3D (Lizard Ly. 4F.4B.4D 
(Heron L) 9E,L1B,6D (Great Australian Bight), 
The number of muscle bands increases with size 
and robustness of zooids — specimens from South 
Australia being more robust than most others, 
Muscles extend along the abdomen to its posterior 
end, Branchial tentacles are in concentric circles, 
6 larger tentacles posteriorly alternating with 2 
smaller tentacles, Rudimentary tentacles were not 
observed, although there is a circle of flat 
projections of the body wall in the position where 
they are usually found. The neural gland opening 
is a simple, cireular aperture projecting slightly 
into the lumen of the pharynx. A tongue-like flap 
projects posteriorly along the mid-line behind the 
prepharyngeal groove. 

There are 3 rows of 40 to 60 stigmata the 
count being done in the middle row — and an 
expanse of nnperlorated. pharyngeal wall both 
anterior and posterior to the perforated region. 
The posterior row of stigmata on each side 
continues posteriorly along the dorsal lamina into 
the unperforated. part of the pharynx, and the 
branchial sac projects out on each side of the dorsal 
lamina in this region. About 20 extra stigmata 
are added to the posterior row in this way. Four 
dorsal languets lie across the dorsal sinus — one 
each between the first and second, and the second 
and third rows of stigmata, and 2 close together 
on the posterior part of the dorsal sinus where 
the extra stigmata are located. The oesophagus 
is long, extending, alongside the rectum, to the 
posterior end of the abdomen where the smooth- 
walled, almost spherical stomach occurs. Inter- 
nally the stomach sometimes, but not always. hus 
some fine longitudinal ridges. A short. relatively 
narrow intestine curves around in the posterior 
end of the abomen and opens into the rectum. 
There is a bilabiate anus at the posterior end of 
the atrial cavity. Gonads consist of a small bunch 
of pyriform testis follicles in the posteriar end of 
the gut loop. Two or 3 embryos are found in the 
oviduct, although no more than a single egg has 
been found In association with the testis follicles 
in the loop of the gut. Eggs are fertilised at the 
base of the oviduct and continue their development 
as they pass up it, being found at progressively 
luler stages of development. 

Embryos were found in Lizard L colonies 
collected in November (QM CGH 10162), but nor 
in January, April or July; there were no larvae 
ut Shark Bay colonics in April; South Australian 
colonies had no larvae im March or April in 2 
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successive years. Apparently the breeding season 
is restricted to late spring and zooids do not 
produce many eggs — the ones they do produce 
are large. The larval trunk is 1.75mm long. The 
tail, which is particularly broad, just reaches the 
anterior end of the trunk and its tip curves around 
in the mid-line over the apertures of the 2 
invaginated tubes of the adhesive organs. There 
is an ocellus and a minute otolith. Crowded, darkly 
pigmented morula cells lie in the larval test of 
both trunk and tail, and, at the anterior ends of 
the trunk, circular groups of cells appear identical 
with the vesicles in the adult test. There are 2 
rows of stigmata. 

Remarks: The species is conspicuous owing to 
its brilliant colours. lt is surprising that it has not 
previously been recorded from the tropical western 
Pacific — possibly its spherical thoraces have been 
mistaken for mollusc eggs. It is characterised by 
its 3 wide rows of stigmata, the recurved posterior 
row (which also occurs in P. detorta and P. 
aurantia), the oily-looking vesicles in the test of 
the stalk, and the large larva. An otolith is unusual 
in Pycnoclavella. One occurs in P. tabella n.sp., 
a closely related species which has similar 
inclusions in the test of the stalk. However a small 
otolith as well as the ocellus occurs also in P. 
arenosa n.sp. which is in a different species group 
from the present species. This suggests that the 
loss of the otolith is an intrageneric convergent 
adaptation that occurs in parallel within the genus. 

Specimens assigned to new species in the genus 
Archidistoma by Monniot (1988), have all the 
characteristics of Pvcnoclavella, including the 
larvae, viz. small otolith, 2 adhesive organs, long 
larval trunk, and position of the anus at the 
posterior end of the atrial cavity. They appear 
synonyms of the present species. 


Pycnoclavella elongata n.sp. 
(Fig. 25. Plate 6g) 

DISTRIBUTION 

Type Locarrrv: South Australia (Franklin Ll, Nuyts 
Archipelago, just offshore N of West L, 8-10m, rock 
outcrops and some sand patches, coll. W. Zeidler, P. 
Aerfeldi et al., 22.2.83, holotype SAM E1980; Franklin 
L, Nuyts Archipelago, on rock amongst breaking reef, 
]5m coll. N. Holmes, paratypes QM GH4082, SAM 
E1981). 


DESCRIPTION 

EXTERNAL APPEARANCE: The colonies consist 
of clumps of elongate heads each on a narrow 
straight stalk joined by basal stolons that tangle 
and adhere to one another. Heads are about lcm 
long and 4 to 5mm at their widest (halfway along) 
and they narrow toward the stalk at their anterior 


ends. Stalks of preserved colonies are about 8mm 
long, but are wrinkled and probably are larger 
in life, The test over the head is soft and flexible, 
but firmer on the stalk. Both head and stalk of 
living colonies are uniformly opaque orange. 
Sometimes the lower half of the stalk and the basal 
test are invested with sand. Apertures are close 
together, on opposite sides of the narrow free end 
of the zooid, and are turned away from one 
another, 

INTERNAL STRUCTURE: Zooids are between one 
and 2cm long, of which the thorax is one-quarter 
to one-third of the total length. The thoracic 
muscles are strong with formula I0E,3B,4A. They 
extend down along the abdomen. Six long, 
branchial tentacles alternate with 2 moderately 
sized ones in an anterior circle. A circle of minute 
flat projections of the body wall anterior to these 
2 circles of tentacles may be rudimentary tentacles. 
The simple, circular neural gland opening projects 
slightly into the pharynx. 

There are 14 rows of stigmata with about 30 
stigmata per row. The last row of stigmata is not 
curved posteriorly along the dorsal lamina as it 
is for many other species of this genus with a more 
reduced thorax. The oesophagus is long, extending 
to the smooth, round stomach at the posterior 
end of the abdomen. Male follicles were not 
detected. They may have matured before the ova. 

Up to 10 large embryos in a developmental 
sequence are present in a single line up the oviduct, 
toward the thorax, The larval trunk is about Imm 
long. Larvae have the usual 3 long, tubular 
adhesive organs, triradially arranged, projecting 
back into the trunk from the anterior end. An 
ocellus, but no otolith, is in the cerebral vesicle. 
A few dark morula cells occur in the larval test 
of the trunk, and none in the test of the tail. 

Remarks: The branchial sac is particularly long 
and narrow for this genus, and the species can 
be distinguished by its unusually numerous rows 
of stigmata, with anterior and posterior rows not 
extended along the dorsal mid-line. The colour 
of the living zooids resembles that of Pycnoclavella 
aurantia n.sp., which, as well as having a different 
body shape and number of rows of stigmata, has 
differently oriented thoraces — the present species 
having both apertures terminal while in P. aurantia 
they are at right angles to one another, the 
branchial aperture on onc side and the atrial 
terminal, 

The species is possibly most closely related to 
P. diminuta and P. tabella n.sp., having a similar 
colony, but is distinguished from them by its longer 
thorax, the lack of vesicles in the test, and the 
crowded morula cells in the larval test. 
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Fiu 25, Prenoclavella elongata n.sp.: a, colony (holotype SAM E1980); b, single zooid isolated [rom colony 
(paratype SAM E1981); c, zooid removed from test showing incubating embryos (holotype SAM EI980): d, 
thorax showing museles (holotype SAM E1980); e. gut loop (holotype SAM F1980): f, larva (holotype SAM 
E1980). Scales: a,b. 5mm; c. 2.5mm; d.e, Imm: f, 0.2mm. 


Pyenoclavella tabella n.sp. 
(Fig. 26. Plate 6h) 
Pycnoclavella diminuta: Katt 1972b. p.170 (part. small 
specimens from Tipara Reef). 


DISTRIBUTION 

Ts er Locarrry. Victoria (Portsea, on reef, 1.8m, coll. 
N. Coleman, 4.6.77 holotype QM G10161). South 
Australia (Tipara Reef, Spencer Gulf, tlm, coll. 
Shepherd, 24.9.71, paratypes QM G9257, SAM E1982). 


DESCRIPTION 

EXTERNAL APPLARANCE: Colonies consist of 
masses of thin. upright sandy stalks (1.5em high) 
from which the soft sand-free thoracie parts of 
the zooids protrude. The sandy stalks, all the same 
height. have fine hair-like extensions of the test 
to which sand adheres, and by which they adhere 
to one another to form a sandy mass that, in life, 
is covercd with the crowded white spherical bead- 
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Fia. 26, Pycnoclavella tabella, nsp. (QM G10161): a, colony; b.c, zooids; d, posterior end of gut loop showing 
testis between descending and ascending limbs; e, abdomen with gut loop removed showing testis, ovary and 
incubating embryos in oviduct, f, testis divided into 2 lobes: g, larva. Scales; a, 5mm; b,c,e, Imm; d, 0.5mm, 
f, 0.1mm: g. 0.2mm. 


like expanded thoraces. Basally, thc sandy stalks 
taper into fine stolons which connect zooids to 
one another and have side branches that fix them 
in the substrate. Beneath the adherent sand the 
test of the stalk is slightly firmer than that of the 
thorax, and has brown vesicles scattered through 
it as in P. diminuta. 

INTERNAL STRUCTURE: The zooids themselves 


are thread-like, up to lcm long, with long vascular 
stolons that extend into the base of the stalk. The 
thorax is only about one-tenth of the length of 
the abdomen. The body wall is delicate with 
conspicuous longitudinal and oblique muscle 
bands with formula 3E,3B,2D. Muscles continuc 
along the length of the abdomen. Apertures are 
close together onthe free anterior end of the thorax. 
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There are 3 rows of up to 20 stigmata in the 
small, narrow thorax. An expanse of unperforated 
pharynx exists anterior and posterior to the 
stigmata, with the first and third rows turned, 
respectively, anteriorly and posteriorly along the 
dorsal mid-line. The long oesophagus opens into 
the small, spherieal stomach in the posterior end 
of the abdomen. The testis is in the loop of the 
gut posterior to the stomach. It is a single, flat. 
sometimes bilobed, folliele narrowing anteriorly 
to the vas deferens. It is visible on the left side 
of the gut loop. In both specimen lots examined 
a series of up to 7 developing embryos occur in 
the oviduct, progressively better developed as they 
pass up the oesophageal neck to the thorax. Eggs 
are produced one at a time. Fertilisation appar- 
ently occurs just antcrior to the stomach, wherc 
short intervals of duct hetween the proximal 4 
eggs stain blue in haematoxylin indicating that 
sperm are present. In view of the narrow diameter 
of the oviduet which the large, developing embrvos 
completely fill. sperm must he present toward the 
base of the oviduet before ovulation begins, and 
must persist there to fertilize the eggs as they are 
produced. Oviduct and vas defcrens are closely 
associated for the whole of their length. 

Larvae are relatively large, with a trunk 0.8mm 
long and with the broad tail wound almost all 
the way around the trunk. They have 2 inverted 
tubular adhesive organs at the anterior end of the 
trunk, in the median line. There is a large ocellus 
and a minute otolith. The larval test has hrownish 
pigment spots that probahly develop into the 
sphcrieal bodies found in the adult test. The species 
appear more prolific than most others in the genus. 
Embryos are present in hoth June and September, 
and are more numerous than in other species. 

Rimarks: The spceies is related to Prenocla- 
vella diminuta, both species having only 2 adhesive 
organs in the larva, a larval otolith, a terminal 
branchial aperture, and the same brown vesicles 
in the test of the stalk. However, the prescnt speeics 
is much smaller and less robust than P, diminuta, 
has fewer stigmata per row, fewer muscle bands, 
a sandy coat on the stalks, and a single, lobed 
testis follicle. The otolith, like that of P. diminuta, 
is minute and was overlooked by Kott (1972b), 
as was the fact that there were only 2, rather than 
3adhesive organs. The same anterior and posterior 
extensions of the first and third rows of stigmata 
along the dorsal mid-line are present as in most 
species of the genus. 

Dumus areniferus, a species of the Euherdma- 
niinae, has similar colonies formed by the close 
adherence of small, upright. thread-like zooids. 
each in its own covering of sand-invested test. 


Genus Euelavella n.gen. 

Type species: Colella claviformis Herdman, 1899. 

The genus contains a single species. It has a 
fleshy, stalked colony with completely embedded 
Clavelina-like zooids regularly arranged and 
opening to the surface all around the rounded to 
oval hcad. Vascular stolons with a mesodermal 
septum project down into the thick, fleshy stalk. 
The branchial tentacles arc in 3 coneentrie circles 
as in Clavelina. Larvac have the tuhular, 
invaginated adhesive organs of the family 
Pycnoelavellidae, There is a well developed ocellus 
in the cerebral vesicle, but no otolith. There are 
similar larvae with tubular adhesive organs and 
no otolith in Prenoclavella spp. and the Euherd- 
mantinae, The closest phylogenetic relationship 
for the genus appears to be with Pyenoclavella, 
from which it is separated by its embedded zooids 
and the presence of a brood pouch in which 
fertilisation takes place. It is also distinguished 
from Prcnoclavella by the firm, opaque test in 
which the sooids arc embedded, instcad of the 
layer of soft transparent test that covers the 
thoraces of the zooids of Neplitheis and Clavelina 
as well as Prenoclavella. The test of the whole 
zooid bearing head of the present genus is firm 
and the form is maintained in preservative 
irrespective of thc eondition of the zooids 
embedded in it. 

The only known species of this genus is recorded 
from New Zealand and New South Wales. 


Euclavella elaviformis (Herdman, 1899) 
(Fig. 27. Plate 7a c) 
Colella claviformis Herdman, [899, p.67. 
Clavelina claviformis: Kou, 1957a, p. 88. Millar, 1960, 
p.68; 1982, p.12. 
Amaroucium anomalum Herdman, 1899, p.76. 
Clavelina sigillaria Michaelsen, 1924, p.269. 


Dis iRIBUTION 

New Recorps New South Wales (Jervis Bay, AM 
Y2138; Port Hacking, AM Y2143: Port Jackson, AM 
Y2131: Port Stephens, QM G10152), New Zealand (Bay 
ol Islands, QM G10155). 

Previousry Rrcognpri New South Wales (Port 
Jackson AM U241 U151 G12248 syntypes Herdman 
1899, AM U353 holotype A. anomalum Herdman, 1899, 
AM Y1254 Kot 1957a; 11 mile S by E Ballina AM 
U577). New Zealand (North Island ZMC holotype 
Michaelsen 1924; Millar 1960, 1982) 

The species has been recorded Irom 15m down to 
60m (AM UST77). 


Di SCRIPTION 

ExrrRNA). Apprarancr. Colonies have a 
rounded to oval head up to 6cm long supported 
on a short, thick stalk that sometimes expands 
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Fic. 27, Euclavella claviformis n.gen.: a, colony (QM 
G10152); b,c, zooids from right and dorsum 
respectively, muscles partly removed (QM GI10152); 
d. larva (AM Y1254). Scales: a, lcm; b,c, Imm; d, 
0.2mm. 


basally to a wide and almost leathery holdfast. 
Otherwise the test is firm and gelatinous through- 
out, but firmer on the'stalk than on the head. 
Several stalks may be joined basally. The stalk 
expands whcre it joins the head. Vascular stolons 
from the zooids extend down into the base of the 
stalk, The zooids are embedded in the head, 
opening all around its surface, the branchial 
apertures anterior to the atrial openings. Living 
colonies are yellow-green (AM Y2143) or opaque 
white with orange zooids, the colour of the zooids 
being apparent where their apertures project 
slightly from the surface. 

INTERNAL STRUCTURE; Zooids are always very 
contracted, especially the abdomina, and their true 
dimensions have not been determined. Probably 
they are more than twice the length of most of 
the preserved zooids, which are never more than 
about 6mm. Thoracic muscles are widely spaced 
oblique and longitudinal bands, with formula 


3E,3B,3D. However, on the abdomen they are 
much more numerous, completely surrounding it 
and obscuring the other organs. There are 3 circles 
of tentacles, 6 large ones in the most posterior 
circle; about twice the number, moderately sized, 
anteriortothe largcr ones, and in the most anterior 
circle a variable number of rudimentary tentacles. 
The neural duct opening is a small transverse oval, 
projecting slightly into the lumen of the pharynx. 

There are 10 rows of about 40 stigmata. The 
stomach is about halfway down the abdomen. lt 
probably is smooth in the living specimens, 
although when preserved it is collapsed into folds, 
apparently artefacts. The gut is no further 
differentiated after it leaves the stomach. It passes 
forward to the bilabiate anus at the posterior end 
of the atrial cavity as a cylindrical tube. Gonads 
are present in the gut loop posterior to the stomach 
and consist of a group of 3 or 4 small eggs 
surrounded by fairly numerous testis follicles 
which extend out overthe left side ofthe abdomen. 
Up to 8 developing embryos are in a brood pouch 
at the postero-dorsal corner of the thorax where 
they appear to begin their development. They are 
present in colonies collected off the NSW coast 
(AM Y2138 Y2143) in May and June. 

Larvae are large, the trunk about 1.2mm, and 
the tail is short, only about half the length of the 
trunk, although the test covering it, forming the 
fin, is longer (see Remarks, below). There is an 
ocellus but no otolith in the cerebral vesicle. No 
frontal plate develops, the anteriorend ofthetrunk 
is unmodified except for 3 triradially arranged, 
tubular, adhesive organs invaginated into the body 
of the larva, with adhesive cells at the base of 
each tube. These become terminal when the tubes 
evert and project out in front of the larva. The 
bases of the inverted tubes converge in the centre 
of the trunk, near the developing oesophageal 
region. 

Remarks: Despite the wide geographic sepa- 
ration between the New Zealand populations and 
those on the central eastern coast of Australia, 
the only difference found in either colonies, or 
zooids or larvae is that the New Zealand specimens 
have a longer larval tail than the Australian ones. 
At this stage, without further differences separ- 
ating them, they are considered conspecific. The 
colonies appear closer to Clavelina than to any 
other known genus, but they are readily distin- 
guished by the firm test of the head in which the 
zooids are embedded, by the strong abdominal 
musculature of the zooids, and by the remarkable 
adhesive organs of the larvae, which were 
completely misinterpreted when the material was 
examined initially (Kott 19572). 
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Family HOLOZOIDAF Berrill, 1950 


Colonies are soft and fleshy, either with a thick 
stalk or forming sessile cushions or sheets, Zooids 
are completely embedded. and arranged in 


colonial systems which, with the exception of 


Sivillina and Polydistomia n.gen., are highly 
organised cloacal systems. Branchial openings are 
6-lobed. Atrial apertures are either 6-lobed or 
large, plain-rimmed openings with án anterior hp. 


Thoraces are short. usually with 3 or 4 rows of 


stigmata, but occasionally with 5 or 6. Longitud- 
inal thoracic muscles are present, but they do not 
always extend onto the abdomen. Oblique and 
transverse muscles are not always present. The 
gut loop is relatively short, the oesophagea! neck 
is never long, and with few exceptions the stomach 
is halfway down the abdomen rather than at the 
posterior end as in Clavelinidae, Pycnoclavellidae 
and Polycitoridae. The anus opens some distance 
up the branchial sac. Posterior vascular processes 
of the zooids extend down into the stalk (when 
present) or into the centre or base of the colony. 
They do not branch, and each has either an 
ectodermal or an endodermal (epicardial) rather 
than mesodermal septum. [he posterior abdom- 
inal stolon is short and inconspicuous only in the 
relatively thin, investing colonics of Sigi/lina 
Juntasiana, 


Gonads are contained either in the gut loop. 
or in à posterior abdominal sac Connected to the 
vooid by a narrow neck, or they spill over behind 
ihe gut loop into the top of the vascular stolon. 
In many species large, pyriform testis follicles are 
arranged in grape-like clusters, bur in certain 
Sycozoa and Distaplia only 4 to 6 long follicles 
are arranged parallel to one another to form à 
barrel-shaped mass with the short vasa efferentia 
joining the vas delerens at one end. The ovary 
is relatively small, producing (ew, but large eggs. 
In a few species (certain AZ/ypodistoma and 
Polydistoma ngen. and Distaplia retinaculata 
nsp) unusually large eggs are probably fertilised 
üt the base of the oviduct and rupture into the 
test (where the embryos complete their develop- 
ment) directly from the abdomen. In all other 
known species eggs are tertilised and embryos 
incubate in a brood pouch formed from a loop 
of the distal part of the aviduct which projcets 
from the postero-dorsal corner of the thorax. 
Larvae are large. In all genera except Sigi/lina 
and Hypedistama adhesive organs are triradially 
arranged, 2 dorsal and one ventral, at the anterior 
end of the trunk, They consist of a relatively deep 
epidermal cup surrounding a decp axial cone with 
a hyaline cap (see Cloney 1977). In Szeillina and 


Hypodistoma there ate 2 or 3, mote complex 
compound adhesive organs in the median line, In 
Sigillina mjobergi the adhesive organs are inverted 
tubes, asin the Pynoclavellidue and Euherdmania. 

Replication is by horizontal division of isolated 
vegetative stolons which contain a tubular septum 
that is epicardial in origin. It is a prolific process, 
and the small. non-functional replicates can be 
seen moving up Irom the top of the stalk or base 
of the colony to take their places as functional 
zoos at the surface. Blastozocids also form Irom 
the epicardial tube in the oesophageal region in 
larvae of Hypsisiozoa (see Brewin 1959). Disiaplia 
and some Svcozoa. 

The structure of the vascular appendages and 
the process of replication in Sycozoa has been 
investigated by Caullery (1909), Beneden and Selys 
Longchamps (1913) and Salfi (1925a, 1926): and 
in Distaplia by Kowalevsky (1874), Salensky 
(1893), Salli (1925b, 1928. 1933) and Berrill 
(1935b, 19485), Brien (1948) summarised their 
findings. In all cases, there is an ectodermal 
vascular process. usually consisting of two 
channels, that projects posteriorly from the left 
side of the posterior. end of the abdomen. In 
Distaplia there are numerous short vegetative 
stolons (stolons proliferes: Brien 1948), containing 
a part of the left epicardial sac, These become 
isolated from the zopid at the posterior end of 
the ubdomen near the vascular process but 
independent of iL In Syeozaa, long vegetative 
stolons, that occupy the stalk of the colony, divide 
progressively from their anterior to posterior ends 
in a prolific replicative process. These stolons 
contain an epithelial tube that Brien (1948) 
thought epicardial although Caullery (1909) was 
not sure of its origin. Berrill (1935b) identified, 
in Distaplia magnilarva, à lurther replicative 
process in which the remnants of the anterior tips 
of the epicardial tubes generate buds following 
resorption of the zooids. It is a process more or 
less homologous with the replicative process i 
the larvae; 

SNigillina and Hypodistoma differ markedly 
from Sycozoa und Distaplia, in having a single 
posterior abdominal process. Like the vegetative 
stolon of Sycozoa it contains an epicardial sac 
(Caullery 1909; Sigillina grandissima, below). 
Although the vegetative process of Sigillina his 
uoL been investigated, this posterior abdominal 
process provides the site for a process ol 
replication similar to that known for Syeozoa (see 
Caullery 1909). Colonies of all the stalked species 


of Sigillina examined in the present study have 


replicated zods being added to the colony at 
the top of the stalk, and, in some cases, isolated 


82 MEMOIRS OF THF QUEENSLAND MUSEUM 


buds are present in the stalk this would be 
compatible woth the production pl replicates by 
horizontal division of the isolated. vegetative 
stolon, us is characteristic of Sreazed und 
Distuptia, thus confirming Caullery's (1909) 
observations on Sigillina australis. 

As à Fesull ol Ius observations, Cantlery (Joc. 
vit.) believed Srpilltrio a member of the same family 
(Distomidae Giard, (872 Polycitoridae 
Michaelsen, 1904). as Sreozoaq and Distapiia. 
Michaelsen (1930) characterised the genus 
Aieillna (in. Volyeitorinse of Clavelinidac) as 
species with 3 rows of stigmata and embedded 
cooids He divided the sublamily into $ subgenera, 
2 ol which (Sieiflina and Miperiedistomia) ave 
included in the penus. Sigillina as delined in the 
present work, The stomuch lolds that Michachen 
uscd to separate the subgenera Sigilfina and 
Uy perioddistoma were probably artel'ücts and their 
presence cannot be confirmed in the Australian 
materal. Roll (1967), basing her arguments on 
the larvae assigned certain Szgilltna to Atupozoa 
Brewin. 19563 and. on the basis ol the brood pouch 
und the vegetative stalon, assigned the genus to 
Holozoinac. It is now clear that "apozea is not 
distinct Irom Sigillina. 

The intragenerie relationships in these 2 groups 
ol holosow genera (characterised bv differences 
in their vegetative stolons) arc reflected in other 
chatacters. Relationships between Sreozog, 
Distaplia and Hvpsistozea are close. all having 
separate vascular and vegetative stolons, claacal 
systems, similar shon 200ids, and larvae with 
triradially arranged adhesive organs. Sigillina and 
Hypodistoma ace readily separated from the 3 
former genera by then single posterior aábdaminal 
stolon, 3 rather than d or more rows of stigmata, 
4 6-lohed atrial aperture, and large larvae with 
complex cverting adhesive organs that are not 
obviously related to those of the other proup of 
genera. Of the new genera described hereunder, 
Needistonia ngen. appears related 10. Disraplia, 
and Pelrdistonté ngen. has tbe 6-lobed. atrial 
apertures and short vooids with posteriorly 
oriented atrial siphons and horizontal gut loop 
of Mipadistonia. Hypsistozoa and Neodistonia 
always have a gastrice reservoit in the duct pl the 
gastro-intesiinal gland. Many Distaplia species do 
loa, and although Srcozoa. cerebrilorntis is the 
only species ol Nvcezoa to have onc, the [aet that 
«occurs at ill is Further evidence of the differences 
helween the 2 groups uf genera in the Halozoidac 
In is possible that their differences may be found 
to justify the ereetion of a new lamily to 
accommodate the Sreilféna ond. related. genera 
separately from the Holozoidae. 


the genus JZvpodisioma Vokioku, 19675. wuh 
type species Mvpodiianm decrratum. (Sluiter, 
1895), was etected to accommodate species with 
cloacal systems and small zooids with posteriorly 
directed. atrial apertures and small abdomina 
distinguishing theni [rom Sagillina. A relationship 
(based on larvae) exists between 77, deerranayn and 
related species that have cloacal systems. and S. 
fanraxiana und similar species that do nat, 
However the separation of Aypodistonma hom 
Nigifina as supported by the small zomds of 
Uypedistama with their posteriorly oriented atrial 
apertures and short abdomina., by certain 
differences in the larvae (see /fripodistonma below). 
and by the presence of the eloacal cavity. 

Like Polvdistoma, 2 ol the 3 known species of 
Uvpodistomua (H. mirabile and H. vastum) have 
especially large larvae that ineubate in. the test 
l'ollowing rupture from the abdomen. This oceucs 
alse in Distaplia retinaculata. asp. and is 
convergent, related to the size of the egg relative 
to the 7ooid. rather thaq an indication of 
phylogeny, 

Many authors have discussed the possibility that 
Sycozog and Distaplia are congeneric (Van Name 
1945. Brewin 1953, Millar 1960. Abbott and 
Frason 1968), hawever. this would deny the real 
difference represented. by the long vegetative 
stolon that occurs in Sycozog hul notin Distaplia, 
Svreozoa can also be distinguished from Listaplia 
by the long, often stralght-stded heads, always with 
astatk which sometimes is thin and leathery rather 
thun fleshy, and with parallel dauble rows of 
zamds. There are some species of Disiaplia, with 
single double riuw systems of zootds und à single 
terminal common cloacal opening, that resemble 
Sricozed in the arrangement ol their zoottls. 
However, in. these Distaplia. raws al. zooids 
cantinne over the top of the head while in Sreozea 
they terminate around the margin af the top of 
the head which is olten Dat, always free ol zooids, 
and sometimes occupied by a large terminal cavity. 
Except tor 200ids at the top of the cloacal canals 
which have atrial hps inserted into the rim of the 
cloacal apertures (see Millar 1960), the atrial lips 
at Nreozoa sooids are not as lang as those of 
Pistaplia and do not have the tangue-like lobes 
on the outer border that, in the latter species, are 
usnally inserted into the test around the rim of 
the cloacal aperture. Further, in Speozea tbe 
branchial lobes are reduced and. often absent 
altagether, there are very few and delicate budy 
muscles, parastigmatic vessels are absent, rows ol 
stigmata are paired. the stomach wall is smooth, 
there ure no conspicuous divisions in the gut 
posterior to the stomach, there is never a rectal 
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valve, and the replicative process is more prolific. 

Characters of the larvae of Sycozoa that 
distinguish them from larvae of Distaplia are thc 
particularly deep axial conc of thc adhesive organs, 
absence of ectodermal ampullae at the base of 
the conspicuous, smooth elliptical stalks of the 
adhesive organs, and absence of a frontal plate 
and an occllus. In several Svcozoa the larval trunk 
contains a long epicardial tube extending forwards 
amongst the adhcsive organs. Although it has been 
proposed that Sreozoa are uniscxual (Brewin 
1953), only some. species of this genus are 
apparently so, and in others the gonads mature 
sequentially as in Distaplia. 

The affinities of Holozoidae are problematical. 
Polycitoridae Michaelsen, 1904 (> Distomidae 
Giard, 1872) comhined clavelinid. polyeitorid and 
holozoid genera in the one family which 
Michaelsen (1930) and Huus (1937) changed into 
2 subfamilies (Clavelininae and Polycitorinae) of 
Clavelinidae Forbes and Hanley, 1848. Van Name 
(1945) included the same genera in a single family, 
Polycitoridae, defined as genera in which the body 
is divided into thorax and abdomen, with the 
hranchial tentacles arranged in several concentric 
eircles, without internal Jongitudinal branchial 
vessels, and with the gonads in the gut loop. Berrill 
(1950) aecepted Michaelsen’s (1930) view of 
Clavelininae as a distinct suhfamily. and also 
separated Holozoinae from Polycitorinae, thus 
recognising three subfamilies in the family 
Polycitoridae, Differences in the structure ol the 
vascular stolon, the process of replication, the 
organisation of the colony, the structure of the 
larvae, and the presence or absence of a brood 
pouch are the basis for the elevation of these 
subfamilies to full family status. viz. Clavelinidae, 
Holozoidae and Polycitoridae. 

Holozoidae do not appear to havc a closc 
relationship either with Clavelinidae or Polycito- 
ridae. In addition to their smooth apertures, 
unique replicative process, and lack of a brood 
pouch constricted olf from the thorax, Claveli- 
nidae are separated Irom Holozoidae hy their more 
numerous stigmata (more rows and more per row). 
larger gonads, more numerous eggs and emhryos, 
branching vaseular stolons without longitudinal 
muscles and with mesodermal septa. and smaller 
larvae. Further, in the larval clavelinid, adhesive 
organs arc smaller and have shallower epidermal 
cups than Holozoidae, 2 adhesive organs are 
ventral and one dorsal rather than 2 dorsal and 
one ventral as in Distaplia and Sycozoa and the 
adult organs (especially the gut loop and pharynx) 
are not so well advanced. Polycitorid genera 
resemble Diazonidae rather than Holozoidae in 


the lack of a conspicuous vascular processes, and 
replication by horizontal division ol the abdomen. 
They have generally smaller embryos brooded in 
the atrial cavity, and not in a brood pouch as 
in Holozoidae. If Holozoidae comprise à mono- 
phylctic group of taxa and Sigillina is correctly 
assigned to it, a common ancestry. with the 
Pycnoclavellidae is not preeluded (see helow, 
Sigillina). 

The rupture of large ova directly into the test 
for incubation. which oceurs in certain holozoid 
species, is universal in Didemnidae and prohably 
results from their especially large eggs relative to 
the size ol the zooids. Nevertheless, often there 
are similaritics hetwcen 7/rpodistoma and 
Polrdistonia. (Holozoidae). and Arriolun and 
Leptoclinides (Didemnidae) that may not he 
convergent, and that suggest a possible lincage 
for Didemnidae. The colonial organisation ol the 
holozoid Polvrdistonia n.gen. resembles that of the 
didemnid Arriolum Kott, 1983 in which 7ooids 
have a thoracic hrood pouch and a similarly 
oriented atrial siphon that opens into a large 
coneavity on the upper surface of the colony. The 
vascular processes also resemble the simple 
ectodermal processes ol Didemnidae, and the 
zooids of all these taxa have similar small, 
horizontal gut loops. 

Larval size and form, the small number 
produced per 7ooid, the well developed brood 
pouch. the relatively small zooids, the highly 
organiscd colonies and, in all hut Sigilina, the 
highly organised cloacal systems suggest that 
members of the family have a long evolutionary 
history as vegetatively replicating colonial 
organisms. 

A brood pouch to incubate the few, but large. 
emhryos produced by cach sooid represents a 
different reproductive strategy Irom Clavelinidae 
in which numerous, smaller emhryos are brooded 
in each atrial cavity. However, the small number 
of eggs produced by each zooid is, to some extent 
at least, compensated for by the number of zooids 
produced by the prolific process of replication. 
Species of Holozoidae form integrated colonies 
in which the colonies (rather than individual 
zooids) are the biological units. The site of 
replieation and the hrood pouch are both isolated 
from the sooids and neither replication nor 
incubation prejudice the capacity ol the zooids 
Lo continue feeding and contributing to the general 
operation ol the colony. 

Holozoidae contains 9 genera, of which Sigillina 
Savigny, 1816 and Distaplia Della Valle, 1881 
(nomen conservandum) are well represented in 
Australian waters. Sycozoa Lesson, 1830 (includ- 
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ing Cyatliocormus Oka, 1912) also is represented 
in Australian shallow water communities and thc 
genus is now known to be more diverse than 
formerly it was thought, there being 8 species 
recorded, 5 of them indigenous. S$rcozoa is one 
of thc few genera in thc Australian ascidian fauna 
with Antarctic rather than tropical affinities. 
Polydistoma n.gen. and Neodistoma n. gen., 
described from Australian waters, appear indigen- 
ous. /Iypsistozoa Brewin, 1953 (polytypic) 
previously known from the Peru-Chile Trench (see 
Kott 1969), and New Zealand is now known to 
occur in Australia. Only Protoholozoa Kott, 1969 
from Antarctic abyssal basins is not represented 
in Australia. 


Kr v TO rit GENERA OF Horozoipat 
(* not recorded from Australia) 


l Atrial siphons: present oare: ee rr n 2 
Atrial siphons not present.............0-. 4 
2, Stigmata IB S COWS coe sS m ae NU 3 
Stigmata in 5 rows ...... Polydistoma n.gen. 
3. Cloacal systems present ....... Hvpodistoma 
Cloacal systems not present ........ Sigillina 
4. Cloacal systems) Present ccc eee eor err 3 


Cloacal systems not present ..*Protoliolozoa 
5. Rows of stigmata grouped in pairs .. Srcozoa 


Rows of stigmata not grouped in pairs..... 6 

6. Gonads present in top of vascular process ... 
Slice mA s ev wales ss a a sare Hypsistozoa 
Gonads not present in top of vascular pro- .. 
[je DON s SS OD OU QEPECEUE 7 

7. Branchial sac with 4 rows of stigmata....... 
anco sc op EET Distaplia 


Branchial sac with > 4 rows of stigmata..... 
he rite staat ....Neodistoma n.gen. 


Genus Sigillina Savigny, 1816 
Type species: Sigillina australis Savigny. 1816 


Colonies are fleshy, either with a round, or 
conical, or long and cylindrical zooid-bearing head 
supported on a wide, gelatinous stalk that 
occasionally is joined to others basally; or they 
are sessile cushion- or shcet-like. Zooids open 
separately to the exterior or into common cloacal 
cavities. Branchial and atrial openings both have 
their borders divided into 6 more or less equal 
lobes. Zooids are robust, the thorax and abdomen 
of more or less equal length, and the stomach 
ahout halfway down the abdomen. There is always 
an appreciable area of unperforated pharyngeal 
wall both anterior and posterior to the perforated 
part. The anus opens a short distance up the atrial 


cavity. Usually (with the exception of S. fantasiana 
and S. nigra), longitudinal muscle bands extend 
from the siphons down thc length of the hody 
and somc of the longitudinal fibres continue along 
the length of thc posterior abdominal process 
which is often very long, extending down the stalk 
of the colony when one is present. This process 
contains the extension of the left epicardial sac. 
Transverse thoracic muscles are sometimes (but 
not always) present, mainly on the posterior two- 
thirds of the thorax. A brood pouch usually is 
attached by a narrow neck to the postero-dorsal 
corner of thethorax, orto the side ofthe abdomen. 
One large embryo broods at a time in all species 
cxcept S. fantasiana which has up to 3 in a sessile 
brood pouch. The small and often inconspicuous 
ovary and numerous testis follicles are present in 
the gut loop. Eggs are fertilised either in the brood 
pouch or at the base of the oviduct. All embryos 
in the onc colony appear to be at an advanced 
stage of dcvelopment before testis follicles mature. 

Sigillinid larvae probably are not [ree swimming 
for long, for in several cases (S. mjobergi, S. 
grandissima n.sp.) the tail is withdrawn before 
larvae are released from the brood pouch. 
Although the thoracic brood pouch bends up to 
lie just under the surface test as the embryos 
mature, it is possible the large larvae are liberated 
through the atrial aperture as they are in S. 
mjobergi (see below) — rather than erupting 
through the surface test of the colony. In those 
species in which embryos develop in the test, larvae 
probably arc liberated through the surface test. 

Larvae of Sigillina (with larval trunks from one 
to more than 4mm long) include the largest known 
in the Ascidiacea. There are 2 or 3 everting 
adhesive organs usually in the vertical mid-line 
at the anterior end of the trunk but sometimes 
(in S. grandissima n.sp.) triradially arranged. They 
are unusual, and especially well devcloped. The 
central protrusion of each adhesive organ is 
surrounded by a cup of ectodermal cells or is 
depressed into the larval trunk. However, rather 
than being an axial conc as it is in Distaplia (see 
Cloney 1977). the central protrusion is a long, oval 
platform or ridge. Wheneverted the columnar cells 
are in compound branching groups rather than 
forming a compact conical or cylindrical mass of 
cells as in most other everting adhcsive organs. 
The exception is S. mjobergi which has 2 long 
invaginated tubes similar to those known in 
Pyenoclavellidae and Euherdmania but unlike 
those of other Sigi/lina. 

Other characters of S. mjobergi are so sigillinid 
that it is difficult to invoke convergence to explain 
them. A relationship between S. mjobergi and 
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Euclavella claviforniis (in the family Pycnoelavel- 
lidae) is suggested by their similar eolonies and 
larvae. However, the latter species, like other 
pycnoclavellids, has smooth-rimmed apertures, 
numerous rows of stigmata, a number of embryos 
incubated in the atrial cavity, a relativcly long 
oesophageal neck and a mesodermal septum in 
the vascular stolon — all characters distinguishing 
it [rom S. mjobergi. An alternative hypothesis that 
larval adhesive organs ol S. mjobergi are related 
to those of other Sigillinia in some way not yet 
evident has the tempting eorollary of a common 
ancestor for Pycnoclavellidae and the genus 
Sigillina. 

‘The condition of the epicardial sacs in Sigillina 
grandissima n.sp. provide further support for the 
suggestion of a pycnoclavellid alfinity for this 
genus. [he new species has conspicuous epicardial 
sacs, which are not lused. Eulierdniania clavifor- 
mis (Ritter, 1903) is the only other known speeies 
in which epieardial sacs arc known not to Tuse 
(Berrill 1936) and Eulierdiiania's affinity with the 
Pycnoclavellidae is established through the 
similarity of its long invaginated tubular larval 
adhesive organs. 

Speeies of Sigillina have more restricted 
geographic ranges than are usual in the Ascidiacea. 
The genus is known only from the Indian and 
western Paeifie Oceans and 7 of the 13 known 
species are reeorded only from Australian waters. 
The genus is also unusual in the number of tropieal 
indigenous species in the Australian fauna — 
tropical speeies usually having a wider range in 
the Indo-West Pacilie (Kott 1985). However, the 
occurrence of sister specics in Sonth Alriean 
waters may have resulted from speciation from 


the tropical fauna rather than being indicative of 


a Gondwanaland origin. 
it is probable the large larvae with their long 

incubation in the parent colony are not widely 

dispersed, resulting in the isolation and speciation 

ol populations, 

Close relationships between eertain species are 
evident. The known species fall into the following 
groups: 

l. Fantasiana group, containing S. fantasiana 
from Cockburn Sound (Western Australia) to 
Gabo |. (Victoria); S. nigra from New South 
Wales; and probably S. digitata from South 
Afriea (see Millar 1964), 

These speeies all form sessile, cushion-like 
colonies rather than upright and usually stalked 
ones ol other speeics. The two Australian 
speeics have much reduced vaseular stolons 
Without apparent muscle fibres on them. The 
principal eharacteristics of the group are found 


in the large larvae with long, narrow ridges 

of eolumnar cells depressed into the larval 

epidermis, and a waist-like constriction 
between the anterior adhesive apparatus and 
the developing oozooid with its mass ol yolk. 

Both Australian speeies have a ring of unusual 

spike-like ectodermal processes around the 

adhesive organs. These ectodermal processes 
arise in a band from the epidermis behind the 
adhesive apparatus and reach the surface test 
around the anterior end of the larval trunk. 

They may be homologous with the fine tentacle- 

like processes found in a single circle around 

the adhesive organs in //vpodistoma. 

2, Cranea group, containing S. cyanea with a 
range from north-western Australia south to 
King George Sound on the western coast and 
10 Arrawarra on the eastern coast; S. australis 
with a wide range around the Australian coast 
[rom the Montebello Is and south across the 
Great Australian Bight to Port Jackson on the 
eastern coast; S. grandissima n.sp. from the 
Dampier Archipelago to Cockburn Sound and 
the Great Australian Bight; and S. signifera 
from Rowley Shoals off north western Aus- 
tralia, and on the eastern eoast from the Swain 
Reefs and to the north. The latter species is 
the only one in this group that is recorded 
widely in the western Paeifie. viz. from 
Indoncsia and the Philippines, 

Horizontal (transverse) muscles are ahsent 
from the thorax in several species of the cyanea 
group, viz. S. australis and S. cranea. However, 
they are present in S. grandissinia and S. 
signifera. The longitudinal museles eontinue 
onto the vascular proeess wherc thcy usually 
are conspicuous. Larvae are espceially large. 
with the secretory cells of the broad adhesive 
organs forming large, circular or oval plat- 
forms, and with large. wide, rounded cctod- 
ermal ampullae around the anterior end ol the 
trunk. Probably S. mohiusi (Hartmeyer, 1905) 
from South Africa and Malagasy is a member 
of this group. 

Only S. nijóbergi. with its long, tubular, larval 
adhesive organs; and S. psanimiophorus (Hart- 
meyer, 1912) from South Africa with a sandy test 
and 8 true stomaeh folds, do not have a close 
relative amongst the known speeies of the genus. 


Kry ro tut Species Ob S/GILLINA 
RrcoRDI D FROM AUSTRALIA 


1. Colony a flat investing shcet..... prede 2 
Colony not a flat investing sheet .......... 3 

2. Larval trunk 1.3mm long; eolony < lcm 
the Kage o s asa ae ...S. fantasiana 
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Larval trunk 2.0mm long: colony > lcm 
thick rire E STRIS REL II S. nigra 

3. Colony numerous small flat-topped lobes ... 
MEE E ee EET A RAE S. signifera 
Colony not numerous small flat-topped 
lobes ras cre erue se nafci Serie seb 4 

4. Colony massive conical to lobed heads; 
horizontal muscles on posterior two-thirds 

Of UNOLAX 2 s. S. grandissima n.sp. 
Colony narrow conical to cylindrical heads; no 
horizontal muscles on posterior two-thirds 


ORE OTA n essere aa O 5 

5. Thoraces transparent ........... S. mjobergi 
Thoraces not transparent... nne 6 

6. Stigmata per row about 20; living colonies 
Orange Sa Py ses a Xa S. australis 
Stigmata per row about 30; living colonies 
bTUE. uses c este e ecrire ra ein S. cyanea 


There are 3 other species of this genus known 
from adjacent areas: 

Sigillina digitata (Millar, 1962) from South Africa 
has massive cushion-like colonies 5 to 7cm thick. 
The larval trunk is probably the longcst known 
in the Ascidiacea (Millar 1964: 4 to 4.3mm long). 
The larval adhesive organs and ectodermal 
ampullae rescmblc those of S. fantasiana and 
S. nigra from southern and eastern Australia, 
respectively. 

Sigillina mobiusi (Hartmeyer, 1905) from South 
Africa, Mauritius and Malagasy, has variable, 
sometimes upright, stalked colonies and both 
longitudinal and transverse thoracic muscles. It 
is distinguished from S. grandissima n.sp. by 
its smaller colonies and fewer (10) branchial 
stigmata (see also Hartmeyer 1912; ? Millar 
1962; Plante and Vasseur 1966). 

Sigillina psammophorus (Hartmeyer, 1912) from 
South Africa has an outer layer of sand, 8 
stomach folds, and its affinities are not known. 


Sigillina australis Savigny. 1816 
(Fig. 28. Plate 7d.e) 
Sigillina australis Savigny, 1816, p. 179. Caullery, 1895, 
p. 832; 1909, p. 47. Michaelsen, 1930, p. 495. 
Atapozoa marshi Brewin, 1956a, p. 31. Millar, 1960, 
p. 83. Kott, 1972b, p. 168; 1975, p. 2, 


Dist RIBUTION 

New Recorns: Western Australia (Montebello Is, 
WAM 989,83; Carnarvon, WAM 765-6.83 857.83, QM 
GH2151 2; Houtman's Abrolhos, WAM 773,83; Triggs 
1.. WAM 75.78 24.84 16.87 18.87 191.87; Cockburn 
Sound, WAM 20.84, QM G9479, Cape Naturaliste. 
WAM 132.75. Margaret River, WAM 778.83; King 
George Sound. WAM 987,83). South Australia (Great 
Australian Bight, QM GH944 GH947). New South 
Wales (Nelsons Bay, QM G9634). 


PreviousLy RrconprEpb: Western Australia (Sharks 
Bay to Albany — Michaelsen 1930; Triggs |l. - Brewin 
19562). South Australia (Great Australian Bight — Kott 
1972b; Investigator Strait Kott 1975). New South 
Wales (Port Jackson — Savigny 1816). New Zealand 
(North I. — Millar 1960). 

The species has been taken down to 20m. It appears 
indigenous; being recorded mostly from temperate 
locations. However it does extend into tlie tropics on 
the North West Shelf. 


DESCRIPTION 

EXTERNAL APPEARANCE: The colonies are oval, 
or conical, or long (up to 56cm) and cylindrical 
zooid-bearing heads that are only slightly greater 
in diameter than their fleshy stalks. Stalks are 
longer than the head of juvenile colonies, about 
equal to the length of the head in moderate sized 
colonies, and very much shorter than the head 
in well developed colonies with long cylindrical 
rope-like heads. Zooids open all around the length 
of the head, the branchial aperture uppermost and 
the atrial aperture toward the stalk. The posterior 
ahdominal stolons extend through the centre of 
the zooid bearing portion and down into the stalk. 
New replicated zooids are added to the colony 
at the top of the stalk. Zooids at the top of the 
zooid-bearing part are the largest and at a later 
stage of sexual maturity than those at the bottom. 

Living colonies are orange or pinkish-orange. 
In preservative thc test is sometimes pinkish-grey 
and translucent with cream to brownish zooids. 


INTERNAL STRUCTURE: Zooids are about 5mm 
long. Thorax and abdomen are of more or less 
equal length, although the thorax is usually more 
contracted than the abdomen in the preserved 
material. The thorax is wide. Both apertures arc 
on short, cylindrical siphons on the anterior end. 
There are about 15 longitudinal muscles on the 
thorax, 9 radiating from the branchial siphon and 
6 from the atrial siphon. Fine circular muscles 
form an almost continuous sheet around each 
siphon, but no transverse muscles are evident on 
the thorax. Fine muscle bands extend from the 
thorax, over the abdomen and onto the long, 
posterior ahdominal vascular stolon where they 
usually are conspicuous. There are about 24 
branchial tentacles in 3 concentric circles, the 
largest in the posterior circle. 

In the branchial sac there is an extensive 
unperforated area both anterior and posterior to 
the 3 rows of about 20 stigmata. Wide transverse 
membranes between the rows expand into 
triangular languets in the dorsal mid-line. 

The gut loop is relatively short and straight. 
The small, smooth-walled stomach is in the upper 
third of the abdomen and there is an oval posterior 
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stomach in the descending limb. The rectum is 
voluminous, terminating in a smooth bilabiate 
anus that projects up into the atrial cavity. About 
20 pear-shaped testis follicles lie in the gut loop. 
Asmall egg can sometimes be found in the oviduct. 
More often a single egg is found in the broad 
pouch attached to the postero-dorsal end of the 
thorax by à narrow neck, The egg is apparently 
fertilised, and the embryo completes its develop- 
ment, in the brood pouch. Eggs of zooids in each 
colony appear to be fertilised and development 
begun before testis follicles fully mature. One 
colony (WAM 989.83) has fully mature testis 
follicles and expended brood pouches. Brood 
pouches still attached to the dorsal border of the 
thorax bend up to lie just under the surface of 
the test as the embryos mature. Tailed larvae are 
present in specimens collected in December [rom 
the Montebello Is (WAM 989.83), in July from 
off Carnarvon (WAM 765-6.83 and 857.83), and 
in August from Triggs 1. (WAM 16.87). 

Larvae are large, the trunk aboul 2mm long 
und the tail about the same length. Developing 
adult organs are at the posterior end of the trunk. 
and a large yolk mass occupies the centre of the 
trunk. The anterior one-third of the trunk is taken 
up by the adhesive apparatus. In one colony 
(WAM 765.83) larvae, although they appear to 
be at the same stage of development, are of 
different sizes, ranging from 1.2 to 2.0nim. There 
are two long adhesive organs one above the other 
m the anterior mid-line. Each consists of a long 
strip of tall secretory cells arising from the base 
of a narrow trough-like depression. As the embryo 
develops, the larval epidermis along each side ot 
these adhesive organs is produced into a row of 
4 or 5 rounded ampullae. and each adhesive organ 
is produced forwards on a short wide stalk. The 
strip of vertical secretory cells erupts when the 
concave base of the trough, in which Ú is 
contained. everts, presumably as a result of 
internal pressure applied through the haemococlic 
cavity of the larval trunk, The groups of secretory 
cells on their branching stalks then separate from 
one another to effect an attachment to the 
substrate over as wide an area as possible. 


Remarks. Apart from the colour of living, 


colonies, this species resembles .Sigillina cvanea 
closely and preserved specimens in which the 


colour is lost cannot be readily distinguished (sce 
also Sluiter 1909, Hartmeyer 1919). Sigi/lina 
ausiralis has shghtly less robust zooids, with 
narrower thoraces and only about 20 stigmata per 
row, rather than the 30 stigmata per row in S. 
cyanea, and the number of testis follicles in the 
present species (about 20) is usually less than in 
S. cyanea (30 to 40). Further. in the latter species 
the test is slightly tougher, the zooids are more 
firmly attached. to it, and the muscles on the 
posterior vascular stolon are more conspicuous. 
Clear morphological differences can be observed 
in larvae, those of S. cyanea being much larger 
(3mm) and having more rounded adhesive organs 
than the present species. Sigi/lina grandissima n.sp 
and S. signifera have similar, though even larger 
larvae. Specimens of the latter species are distin- 
guished by their flat-topped, lobed colonies. 
Sigillina grandissima has distinctive granules in 
the epicardial endothelium, and transverse 
thoracic muscles. 

Specimens from the type location of diapozog 
marshi have all the characteristics of the present 


species. 


Sigillina cyanea (Herdman, 1899) 
(Fig. 29, Plate 7f.g) 
Calella cvanea Herdman, 1899, p. 70. 
Eudistoma cyanea Kot, 19572, p. 79. 
Eudistoma cyaneum! Millar, 19632. p. 714. 
Sigillima caerulea Stuilet, 1909, p, 31, Hartmeyer, 1919 
p. 143. 
Not Disroma caerulea Sluiter, 1898, p. 14. 
Not Eudistomu caeruleum: Plante and Vasseur, M66, 
p 147, Millar, 1964, p. 163, 


Disimpsu ron 

New Recorps: Western Australia (Port Hedlatid, 
WAM 986.83. Dampier Archipelago, WAM 784,83 
786.83; Montebello Is. WAM 77183 14,87, Kendrew 
L, WAM 976.43; North West Cape, WAM 772.83; 
Exmouth Gulf, QM 69480; Shark Bay. WAM 774 7,83 
779,83 781.83 783,83 15.87; Cervantes ].. WAM 177.87 
185.87 192.87; Houtman’s Abrolhos, WAM 224.85; 
Dongara, WAM 990.83; Penguin 1.. WAM 13.87. OM 
GH4101: Cockburn Sound, WAM 127,75 150,75 165.75 
175,75 864.82 70.83 087-8 43, AM Y2132. QM G920h 
G9479: Cape Naturaliste, WAM 167.87; King George 
Sound, WAM 19,87). New South Wales (Cronulla, AM 
Y2120; Nambucca Heads, QM G10008: Arrawarra, QM 
69634). Queensland (Capricorn Group. QM GI1906 
5). 


Fic, 28, Sigillina australis: à, colonies (QM GH944); b, zooid (WAM 75.78]; e, early larva (WAM 766,83); d. 
adhesive organ, front view. showing central flat-topped ridge of groups of upright columnar cells. The ridge 
has side branches connecting it with the surrounding cup-hke structure, and possibly strengthening and supporting 
it (WAM 766,83); e, advanced larva with adhesive orguns everted (WAM 765.83). Scales: a, lem: bee, 05mm: 


d, 0. mm. 
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Previousty Recorpep: Western Australia (Cape 
Jaubert Hartmeyer 1919; Triggs l.. Cockburn Sound 

AM Y1280 1 Kott 1957a). New South Wales (Port 
Jackson — Herdman 1899). Aru Is (Sluiter 1909). 

The species has heen taken down to 150m, Although 
the records are mainly from tropical locations, especially 
off the northwestern Australian coast to the Arafura 
Sea, it also extends into temperate waters of south- 
western Australia as well as New South Wales. However 
it has not yet been recorded from the southern coast 
of Australia east of King George Sound. 


DESCRIPTION 

EXTERNAL APPEARANCE; Colonies have oval, 
conical, or very long cylindrical rope-like heads 
up to 70cm long and about 3cm in diameter. Fleshy 
stalks are almost the same diameter as the zooid- 
bearing head. Stalks are longer than the head when 
the colony is small, the same length as the head 
when the latter is oval or conical, but when the 
head is long and ropc-like thc stalk is very much 
shorter. Thus a colony of 70cm length has a stalk 
of only 12cm, and a colony of 7.5cm has a Sem 
long stalk. Basally the stalk may separate into very 
short root-like projections that help it to attach 
to the substrate. Occasionally broad stalks are 
found with small regenerating heads (WAM 
976,83). 

Zooids open all around the head, the atrial 
Openings uppermost and the branchial opcnings 
toward the stalk. The long posterior abdominal 
stolons of the zooids project into the centre of 
the colony and down into the stalk. The test is 
firm and the anterior ends of the zooids, which 
lie against the inside of the outer layer of test, 
are firmly fixcd to it, and are difficult to remove 
from the colony. 

Living colonics are indigo blue, The deep blue 
pigment leaches out into preservative following 
fixation. Colonies long in preservative have an 
almost colourless test and dark, or blue zooids. 


INTERNAL STRUCTURE: Zooids are about 4mm 
long in contracted state, with the thorax only 
about one-quarter of the length of the abdomen. 
The posterior abdominal vascular stolons are 
particularly long and conspicuous. A layer of fine 
circular muscles surrounds each of the short 
siphons. Longitudinal thoracic muscle bands are 
conspicuous, about 9 radiating from the hranchial 
siphon, and 6 from the atrial siphon. These 
longitudinal bands are less conspicuous over the 
abdomen, where they spread out rather than 
coalesce into à broad band. Fine muscle bands 
continue along the posterior abdominal stolons. 
There are 3 circles of branchial tentacles — about 
16 in the two posterior circles and rudimentary 
tentacles in the anterior circle. 


The pharynx is broad with 3 rows each of at 
least 30 stigmata. There is an expanse of 
unperforated pharyngeal wall both anterior and 
posterior to the perforated part. The oesophagus 
is short and the relatively small, smooth stomach 
is in the upper one third of the abdomen. A small, 
oval posterior stomach is separated from the 
proximal part of the rectum by a narrow 
constriction in the posterior third of the abdomen. 

The testis, contained in the loop of the gut, 
consists of 30 to 40 follicles. Although a small 
egg is sometimes visible in the oviduct, one has 
not been observed in the loop of the gut, where 
it may be obscured by male follicles. A single, 
small egg apparently is fertilized and completes 
its development in the brood pouch which is 
separated from the postero-dorsal corner of the 
thorax by a narrow constriction. Tailed embryos 
are present in the brood pouches of the zooids 
of colonies collected in October from Cockburn 
Sound (WAM 988.83) and in August from Wistari 
Reef (QM GI1908). However, well developed 
larvae were present only in colonies taken from 
Rottnest 1. in January (QM G9266). 

The larvae are large, with a trunk about 3.3mm 
long. The tail is only about the same length as 
the trunk. It is fusiform, narrowing to its junction 
with the trunk and becoming wide halfway along 
its length. The developing adult organs are 
crowdcd in the posterior quarter of the trunk. A 
large yolk mass occupies most of the trunk. Two 
adhesive organs are in the anterior mid-line, one 
above the other. Each consists of a long, vertical, 
oval concavity in the larval epidermis with a mass 
of adhesive papillae rising from the centre of the 
concavity. Probably as a result of pressure within 
the larval haemocoel the concave base of the organ 
everts and the papillae are thrown forward, 
projecting from the front of the larva, and 
spreading apart from one another on branching 
stalks. The tips of the everted papillae extend over 
an area of about 0.6mm diameter. An ocellus and 
otolith are in the cerebral vesicle. 

Remarks: Sigillina cyanea is mainly tropical, 
being absent from the southern coast of Australia, 
while the related S. australis is present across the 
southern coast of Australia and extends north to 
Port Jackson and Montebello Is on the eastern 
and western coasts respectively. The species 
overlap along the eastern and western coasts of 
the continent. Apart from its blue colour S. cyanea 
(especially the variations in the shape of thc 
colonies and the morphology of the zooids) closely 
resembles the orange S. australis. However, S. 
cyanea has more numerous stigmata, more 
conspicuous muscle fibres on the vascular stolon 
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Fic. 29, Sigillina cyanea. a, outline of colonies (WAM 776.83 3x783.83 778.83); b. colony showing zooids (QM 
G9479), c,d, zooids from left, and postero-dorsal view with brood pouch removed (WAM 773.83); e, larva 
(QM G9266); f, front view of adhesive organ showing groups of columnar cells depressed into the larval ectoderm 
(QM G9266): g. everted adhesive organ (QM G9266); h diagrammatic section through larval ectoderm in vicinity 
of an adhesive organ. Scales: a,b, lcm; c-e, 0.5mm; f,g, 0.1 mm. 
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und zooids more firmly fixed in the test. Further, 
M. Cyanea has a larger larva with oval groups of 
adhesive papillae rather than the elongate limella 
of S. australis, As the embryos mature, the brood 
pouches bend anteriorly toward the atrial aperture 
to lie just inside the surface of tbe test. as in S. 
australis. 

Sigillina caerulea. Sluiter 1898. fram South 
Africa, Mozambique and Malagasy is a different 
species — possihly of Kudistoma with a 
characteristically cudistomid larval trunk 0.7mm 
long brooding in the atrial cavity (see Millar 1962; 
Plante and Vasseur 1966), 


Sigillina fantasiana (Kott, 1957) 
(Fig. 30, Plate Sa) 
Ewdistoma fantasiana Kott. 19573. p. 76. 
Arapozoa fantastana: Kot, 1967, p. 187, 19720. p 7. 
1972b, p 168, 


Dis RBV TON 

New Rreogps: Western Australia (Cockburn Sound. 
WAM 863.83 QM GII2120, WAM 936,83). South 
Australia (Spencer Gulf, QM GH3704 St Vincent Gulf, 
SAM E2082). Victoria (Portland: Gabo 1. MV F33161). 

Preewrousty Rrcogorp: South Australia (Great 
Australian Bight — Kott 1972b; Spencer Gulf — Kott 
19574. Encounter Bay -- Kott 19723). 

The species has been raken from 2 10 14m 


DESCRIPTION 

ExrrüwNAQL. Apm ARANCU Colonies are flat, 
circular to irregular investing cushions less than 
lem thick and up tu Sem in diameter with a 
smooth, even surface. The test is soft and, in 
preservative. transparent, usually with dark 
pigment particles, especially in the surlace layers. 
This dark pigment is occasionally confined to the 
200ids themselves and is eventually lost altogether. 
Living specimens are bright blue throughout. 
Zooids are evenly spaced, opening by branchial 
and atrial apertures onto the upper surface of the 
colony. Colonies are often found growing around 
stems of seagrass (Hormosira). 

INTERNAL STRUCTURE: The zooids are about 
5mm long. The thorax, in moderately contracted 
specimens, is only about a third of the total length, 
the abdomen being, relatively long for species of 
ihis genus. The posterior abdominal vascular 
stolon is relatively short and delicate, and muscle 
libres were not always detected on it. About 10 
longitudinal muscle bands on the thorax radiale 
from the apertures and posteriorly extend down 
each side of the abdomen, converging to a point 
on each side of the mid-ventral line at the level 
of the posterior end of the gut loop, The slender 
vascular stulon projects from the abdomen 
between the two slightly protruding points where 


muscles converge and terminate. There are also 
about 12 transverse muscle bands on the thorax. 
These exchange fibres with the longitudinal bands. 
In the branchial sac are 18 long narrow stigmata 
in each of 3 rows and an area of unperforated 
pharyngeal wall anterior and posterior to the 
perforated area. 

The oesophagus is relatively long — the small, 
spherical stomach and an oval posterior stomach 
being present im the posterior third of the 
abdomen, The rectum extends from the pole of 
the gut loop to about half-way up the thorax. 
A mass of male follicles in the gul loop spread 
out over the left (dorsal) side of the intestine. 
Outside the testis follicles is a group of 3 to 5 
small eggs. Eggs probably are fertilised in the 
upper (distal) part of the oviduct — in the upper 
part of the abdomen — where 3 embryos. at 
different stages of development can be found 
incubating, the most anterior being the most 
advanced. A marked dillerence in size exists 
between the incubating embryos in the expanded 
part of the oviduct (which forms a brood pouch). 
each successive one being about twice the size of 
the one posterior to it. Embyros protrude from 
the zooid as they develop, but the brood pouch 
is nol constricted off from the rest of the zooid. 
Developing embryos are present in specimens from 
Cockburn Sound in November (WAM 863.83 
936.83), Spencer Gulf in May (QM GH3704), 5t 
Vincent Gulf in October (SAM E2082). Wright 
l. (Encounter Bay, SA) in November, and Gabo 
1, (MV F53161) in May. In fact, the species 
apparently broods embryos throughout the year. 

Larvae are large, the larval trunk being 1.3mm 
long and almost spherical. The tail is relatively 
long, being wound about three-quarters of the way 
around the trunk. Adult and larval organs are 
well developed with 3 rows of jong stigmata, a 
large cerebral vesicle with ocellus and otolith and 
à well-formed gut loop. Two long narrow adhesive 
organs lie in the mid-line anteriorly. This anterior 
part of the larval trunk is separated from the more 
posterior part (containing the adult organs) by 
a constriction or Waist, Each adhesive organ 
consists of a narrow, vertical strip ol parallel 
secretory cells rising from a concavity in the 
anterior end of the larva. A ring of uniform, long, 
spike-like processes arises from the ectoderm at 
the base of the adhesive organs and encircles the 
anterior end of the larva. There are also 3 rounded 
ectodermal ampullae on each side, just posterior 
to the ring of spike-like processes, one each side 
of the mid-ventral and mid-dorsal lines, respec- 
tively, and one opposite the space between the 
two adhesive organs. 
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Fic. 30, Sigillinu fantasiana: zooids, a. from left with embryos. and b, from right without embryos (QM GH2120 
GH3704) c, larva (QM GH2120). Scales: a-e; 0, 5mm. 


Remarks: This species with S. nigra (see below) 
and probably S. digitata from S. Africa (see Millar 
1964) is à member of the fantasiana species group. 
characterised principally by the larvae with 
ectodermal spikes around the long. narrow 
adhesive organs, relatively small ectodermal 
ampullac and a waist dividing the anterior and 
posterior ends of the larval trunk. The fine 
ectodermal processes that encirele the adhesive 
organs are in a single ring in S. /antasiana but 
are in a wide band in S. nigra. These may be 
homologous with the ectodermal process in a circle 
around the adhesive organs in Zrpodistoma. 
Similarly large larvac with large adhesive organs 
(depressed into the anterior test) occur in 
Hypodistoma although the waist is not present. 
‘The intense blue pigment in both S. nigra and 
the present species resembles that of S. cvanea. 
The colour of S. digitata has not been rccorded. 

The method of replication in this species 
deserves investigation, and it should be noted that 


accessible populations occur at 3 to 4m off 
Whitford Beach, Cockburn Sound, Western 
Australia. 


Sigillina grandissima n.sp. 
(Fig. 31. Platc 8b) 

DISIRIR DON 

Tyrer Locannrs: Western Australia (northwest of 
Rosemary 1., Dampier Archipelago, 70 72m, 3.1279, 
holotype WAM 846.83 QM GI2114. northwest of 
Carnae J., Cockburn Sound, 3 4m, on reef, 7.12.77, 
paratvpe WAM 782.83). South Australia (l'opgallant 
J.. Great Australhan Bight, (.7m, coll, S. Shepherd et 
al., 29,3.82, paratypes QM GH1305, SAA! E7983). 

Fusgiucg Ricorps Western Australia (northeast of 
Montebello ls, WAM 985.83; "Northwest Cape, WAM 
772.83; Houtman's Abrolhos, WAM 95,78 370.80 767.83 
530.83 192.88 195-6.88 219.88; Cervantes L, WAM 
183.87 186. 7.87). South Australia (Great Australian 
Bight, OM GH4150). 

The species has been taken from 3m down to 72m 
from the northwestern shelf of Western Australia and 
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soulin Cockburn Sound, Although there are no records 
bom sonth of Cockburn Sound, it is probable that its 
range i5 Continuous around the southwestern corner ot 
Australia to Lopgaltint 1 in the Great Australian Bight. 


DiscgtPrioN 

EXTIERN*SL Apprarancr Colontes are single 
undivided conical 10 rounded lobes on short. wide 
stalks; or massive subdivided colonies, narrowing 
io a short stalk but with the individual lobes of 
the vooid-hearing heads tending to Natten and 
expand rather than narrow toward the top. 
Smaller lobes are rounded in section throughout, 
without appreciable diflerence in the diameter of 
the zo0id-bearing heads and their stalks, The 
largest calony (WAM 846.83) is divided into 6 
lobes arising from a cammon hase: the colony 
is ahout [dem wide and Hem high: and tbe 
separate lobes are about 3 to dem düancter 
throughout, 

Zaoids, opening all around the upper half to 
three-quarters of each lobe, became smaller 
toward the base where ihe new vegetatively 
produced zooids are heing added to the colony. 

Living colonies from South Australia are 
described as bright orange zooids in a clear matti. 
In preservative the zooids are often blue, although 
sometimes that colour is lost. The preserved test 
is translucent or, in a few colonies, it is hard and 
opaque. 

Internat StRuctuRE Zooids are about 5mm 
long. the thorax and abdomen of aboul equal 
length. In addition, there i5 a conspicuous, lang 
and strong vascular stolon. The thorax has abant 
16 longitudinal muscle bands that. radiate (rom 
the siphons along the length of the body. and 
extend onto the vascular stolon, furtning a band 
along cach side. About (0 transverse muscle hands 
run araund the posterior two-thirds of the thorax. 
Tight large, hut. sometimes stumpy. branchial 
tentacles encirele the base of the branchial sipliort, 
in front of these are 2 circles of progressively 
smaller tentacles. There arc about 2(] long stigmata 
in each of 3 rows, and a strip of unperforated 
pharyngeal wall anterior to the stigmata. 

lhe oesophagus is about one-Ihird of the length 
al the ahdomen, the round, smooth stamach being, 
in the middle third and the small posterior stomach 
m the posterior third. Gonads are in the gut loop 
and are remarkably large and conspicuous fnr this 


penus, especially the testis, which has numerous 
lollicles spreading eut over the gut. In specimens 
with immature testis, the male follicles ean still 
he observed as a dense clump of follicles on the 
left side of the pole of the gut Joop, against the 
rectum, A group of 2 or 3 ova lie in the abdomen, 
A single embryo develops in a brood pouch 
separated from the thorax by u narrow neck. 
The most striking characters of this species are 
the epicardial sacs formed of dark. bluish-black, 
squamous epithelium, the colour derived irom 


dark. intraecHulor, melanin-like granules. The left 


and right sacs. each with a narrow anterior horn 
that partly. encircles the oesophagus 31 the 
posterior end of the thorax, meet, but do not Fuse, 
ventral to the oesophagus, These sacs extend down 
the ventral surface ol the abdomen appearing as 
a darkly coloured strap that protrudes inta the 
gut loop and hetween the stomach and rectum 
The deft sac terminates blindly just posterior to 
the pole ol thc gut lopp. The right sae swells out 
to à bülloon-likc expansion just posterior to the 


»stamaeh. but its diameter decreases abruptly und 


| becomes a flattened tube at the top of the 
vascular process, This flattened tube forms the 
septum hetween the two blood channels along the 
whole length al the lung, tough vaseular process. 
In the adult zooids, the anterior horn of cach sac 
terminates close to, but apparently does not open 
into, the pharyns, although it does in the larva. 
The dark intracellular granules arc. sometimes 
present in the endodermal cells ol the pharyns, 
especially along each side of tlie endostyle and 
lining the stigmata, This darkly pigmented 
epicardial epithelium occurs iu all the preserved 
newly recorded specimens except the holotype, in 
which the epicardial sacs are conspicuous und 
pigmented anly in the larvae, 

Mature larvae are present inthe hololype colony 
(collected in December) and in a specimen [rom 
Cervantes I. (WAM 183.87) eallecicd in May. 
Tailed cmhryos, although. not fully developed 
larvae, ate present in the Abrolhos (WAM 196 88) 
and South Australian specimens (QM GH1305, 
SAM E1983) collected in Mareh. Larvae are 
rohust and their test is tough and lVirm. The larval 
trunk is 3.5mm long, and the tail barely reaches 
to ity anterior end. There is the usual otolith and 
ocellus in the cerebral vesicle, which is far buck 


bie V, Sigillina grandissimu n sp, aeg, colomes (holotype WAM 46,3, paratype WAN 782.83, 767 23}, d- 
g. ^ooids and parts af zooids. wilh epicardial sats shown tn darker shadings (paratype QM GHI305 SAM 
EIN), M. hava pholutype QM. GH21 H0; ij. hon view of larvae showing adhesive organs and ampullae, 
diagcamumatic (WAM 846.83): k. ditgeammatic section through an everted adhesive organ. Scales: ase. 2em; 


ej, linn, 
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on the upper surface near the base of the tail. 
There are 2, 3 or 4 adhesive organs. When only 
2. they are arranged, us in S. ausiralis, in the 
anterior mid-line; when 3 are present they have 
a triradial arrangement, the dorsal onc vertical 
in the median line and the 2 ventral ones 


i 


Fig. 32, Sigillina miobergi; a, colony (WAM 155.37); 
b, zooid showing its orientation. in the colony, 
semidiagranimatie: e, zooid viewed (rom anterior end 
(WAM 860.83): d, abdomen (WAM 129.75). e, larva 
(QM GH2122). Seules: a. 2em; b.e, hnm; d.e, 0.5mm. 


symmetrical and radiating uway from the centre 
ol the anterior end of the trunk. A fourth, or 
accessory adhesive organ, is sometimes present 
between the symmetrical ventral ones. The 
adhesive organs develop in a similar way to those 
of S. australis — with the differentiation ol a group 
ol secretory cells in the base of a concavity at 
the anterior end of the larval trunk. In the larvae 
of the present species each adhesive organ, with 
its concavity containing the secretory cells, is 
produced forward on a short stalk. On settlement. 
the concavity everts, forcing the secretory cells 
forward and spreading them away from onc 
another, 

Also, large, flat, forward-projecting ectodermal 
ampullae are developed from the larval ectoderm 
around the base of the adhesive organs (as in S. 
australis and S. signifera). There arc 3 on cach 
side, the middle one horizontally flattened and 
the dorsal and ventral ones laterally flattened. 

Remarks The long vascular stolons which arc 
sufficiently strong to be pulled from the colony 
without the risk of breaking. and the huge larvae 
(the second largest known in the Ascidiacea) are 
unique features of this specics. Thc darkly 
Pigmented wall of the epicardial cavity is also a 
most distinctive feature, as is the large testis with 
numerous follicles spreading out hehind the gut 
loop. 

Sigillina digitata (Millar, 1962) from South 
Africa has similar colonics to thosc of the present 
species. The South African species has smaller 
(3mm) zooids, shoricr stigmata and larger larvae 
with long narrow hands of secretory cells and 
without the large rounded ampullae of the present 
species. 

The affinities of S. graridissirmna are probably 
with the cyanca group, its larva resembling those 
of S. australis, S. cyanea and S. signifera. The 
orange of living colonies resembles that of S. 
australis although the bluc in tlic preserved zootds 
resembles the blue of S. cyanea zooids that have 
been preserved for a long ume. Howcver, the 
thorax of the present species has transverse 
muscles - a character not shared by either S. 
cyanea, S. australis or S. signifera. 


Sigillina mjobergi Hartmeyer, 1919 
(Fig. 32) 
Sivillina mjobergi Martmeyer, 1919, p. 117, 


DIS NURU ean 

New Rrcogps. Western Australia (Port Hedland, 
WAM 1005.43, Dampier Archipelago, WAM 12975 
QM GHM, WAM 144.75: Montebello 1s, WAM 860- 
1.83 OM G 2122 GH2104, WAM 99]. 2.83: Jurien Bay, 
WAM 994.83, Geraldton, QM GH4221; Dongara, 
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WAM 993.83; Cockburn Sound, WAM 9,75 787.83). 

Previousiy Rrcogprp; Western Australia (Cape 
Jaubert + Hartmeyer 1919), 

The species has been recorded down to 140m and 
it has not been taken from less than 30m. This may 
bethe reason for the relatively few records and the limited 
known range, viz. the north-western continental shelf 
of Australia. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of a 
cylindrical to club-shaped, glassy, transparent 
700id-bearing head, not more than 6cm long and 
3cm in diameter. It narrows basally to a long (up 
to 8cm). narrow, hard, leathery stalk that divides 
into root-like processes at the point of attachment 
to the substrate, Several heads in the present 
collection (WAM 860.83) do not have a stalk and, 
like the type material (Hartmcyer 1919), are either 
sessile, or have been separated from the stalk 
during collection. Zooids, about 4mm apart from 
one another, are arranged in parallel vertical rows, 
each zooid alternating with those in adjacent rows. 
As is usual for zooids in stalked colonics of most 
taxa, they are upside-down — the endostyle and 
branchial aperture below, and the dorsal border 
and the atrial aperture above. The thorax is 
perpendicular to the surface of the colony and 
the abdomen curves down toward the stalk. Large 
embryos often are present in the brood pouch lying 
abovc the zooid. 

Zooids are firmly fixed in the firm test of the 
glassy head. Consequently they are impossible to 
remove entire from the colony and they do not 
contract on fixation. In preservative the fully 
expanded thoraces are clearly visible and the 
colonies are spectacular. The zooids become 
smaller toward the base of the head where new, 
vegetatively produced zooids are being added. The 
posterior vascular stolons can sometimes be scen 
through the hard translucent test of the stalk, but 
in other specimens the stalk is horny and opaquc, 
and has barnacles, bryozoans and other epibionts 
growing on it. 

INTERNAL STRUCTURE: Zooids are small, not 
more than 4mm in total length, with the almost 
spherical thorax larger than the abdomen. Fifteen 
fine longitudinal muscle bands radiate from almost 
sessile, small, 6-lobed apertures, over the sides of 
the thorax and onto the abdomen. Some fine 
muscle fibres continue along the posterior 
abdominal vascular stolon. Branchial tentacles are 
arranged in 3 circles, the largest (about 8) in the 
outermost or most posterior circle. Thirty to 40 
longish oval stigmata are in each of the 3 rows. 
In younger zooids it can be seen that the middle 
row of stigmata lengthens first, while stigmata in 


the anterior and posterior rows remain short and 
almost circular (as they are in the larvae). Stigmata 
in the posterior row then lengthen, first at the 
dorsal end of the row, while the stigmata in the 
anterior row lengthen first at the ventral end of 
the row. An area of plain unperforated membrane 
exists both anterior and posterior to the perforated 
part of the pharynx. 

The gut loop is very short, with the small, 
rounded stomach about halfway down the 
abdomen. A smalf, oval posterior stomach is 
present in the descending limb. The rectum curves 
around in the pole of the loop and extends 
anteriorly to open at the base of the atrial cavity. 
Gonads are crowded in the gut loop, and consist 
of about 9 to 16 sometimes relatively large, pear- 
shaped testis follicles. These mature only after the 
single embryos in the brood pouches of most 
zooids in the colony are at advanced stages o[ 
development. Only one egg is present in thc brood 
pouch at a time. It arrives there when small and. 
presumably, is fertilised there. 

Tailed larvae are amongst the largest known 
in the Ascidiacea, with a larval trunk up to 3.3mm 
long. They are present in specimens collected off 
Port Hedland in October, and in April and June 
from the Dampier Archipelago. Specimens 
collected fromthe Montebello Is in December also 
have well formed embryos. Embryos at the 
anterior end of the colony are most advanccd, 
or zooids there have expended brood pouches 
while embryos halfway along the head are reaching 
maturity. Despite their large size, larvae appar- 
ently are released through the neck of the brood 
pouch and the atrial aperture. In fact, some larvae 
have been found with the tail, folded back on itsell, 
jammed into the neck of the brood pouch and 
the larval trunk deformed and much elongated. 
Others have their posterior end jammed into the 
neck of the brood pouch and thc tail shrivelled 
in the process of withdrawal and resorption. Adult 
organs — pharynx and gut loop ~ arc conlined 
to the posterior end of the larval trunk. An ocellus 
and an otolith are in the cerebral vesicle, and 3 
rows of small circular stigmata are present. 
Anteriorly the larval trunk is pointed, with the 
openings of the two long, invaginated tubes of 
the adhesive organs, one above the other in the 
anterior mid-line and a large flat, triangular 
epidermal ampulla on each side. Large bladder 
cells are packed in the larval test making it firm. 

The thin invaginated tubes of the adhesive 
organs extend back through the larval trunk to 
the oozooid. As the trunk lengthens and narrows 
and its posterior end begins to press out into the 
neck of the brood pouch, the blind ends of the 
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tubes move anteriorly, the tubcs become shorter 
and wider. Eventually the proximal ends of the 
tubes (around the openings) evert slightly from 
the anterior end of the larva as cylindrical 
projections between the triangular epidermal 
ampullae. Subsequently the blind ends of thc tubes 
cvert and project up into the cylindrical openings 
at the anterior end of thc larval trunk. 

These large larvae are unlikely to have a free 
swimming phase since the tail is resorbed before 
their release from the parent colony. Presumably, 
following their release they settle down near the 
parent, 

Remarks: Larvae of this glassy. transparent, 
and possibly indigenous species are remarkable. 
The adhesive organs resemble those of Pycnoc- 
lavellidae and Euherdmania, but in the present 
species the long tubes have not been found 
completely everted hefore scttlement. However. no 
other characters suggest a close phylogenetic 
relationship. Further, many of the characters of 
S. mjobergi especially the single, large larva, 
position of the brood pouch, body musculature, 
3 rows of stigmata, size of the abdomen and course 
of the gut are characters shared with other species 
of Sigillina. 

Thus, until more evidence becomes available. 
the species must be considered a member of 
Sigillina in which larval adhesive organs have 
diverged markedly from those known in other 
species of the genus. 

Although stalks are absent, Hartmeyer's (1919) 
description agrees with the recently recorded 
material, including the unusual pattern of 
development of the hranchial stigmata. Stalks of 
this species differ from those of others in the genus, 
which are invariably thick and fleshy rather than 
narrow and leathery. 


Sigillina nigra (Herdman, 1899) 
(Fig. 33) 
Polvclinum nigrum Herdman, 1899, p. 84. 


Dist RIRUTION 

New Rreorps New South Wales (Bateman's Bay, 
AM Y2208) 

Previousty Rrcogprr: New South Wales (Port 
Jackson, AM U33 Polvclinum nigrum ident. Herdman, 
Herdman [899). 


DESCRIPTION 

EXTFRNAL APPEARANCE. The newly recorded 
colony from Batcman’s Bay is robust, forming a 
smooth, flat sheet, up to 2cm thick, completely 
investing a large specimen of Herdmania momus, 
In preservative the surface layer of test is purple 
fading to a cloudy, white translucence toward the 


hase. The purple is contained in spherical, fusiform 
and dendritic cells. The colony from Port Jackson 
is lumpy and potato-shaped, with clouds of black- 
blue pigment in the surface test (after 8 decades 
in alcohol preservative). 

INTERNAL STRUCTURE: Zooids open separately 
onto the surface of the colony, and are 6mm long 
when moderately contracted, with the thorax from 
one-third to one-half of the total length. Thoracic 
muscles are strong, with about 16 longitudinal 
bands down each side, continuing along each side 
of the abdomen. They converge into a pointed 
projection on each side of the posterior end of 
the abdomen. There are 3 rows of about 20 long, 
thin stigmata. The stomach is smooth. A short 
duodenal area and an oval postcrior stomach 
occur in the descending limb of thc gut loop. The 
testis follicles are relatively large and a group of 
one large and 3 or 4 small oocytes lie in the gut 
loop. The vas defercns is conspícuous and filled 
with sperm in both the newly recorded specimens, 
collected in November and September respec- 
tively. Each has one large embryo and 2 small, 
non-fertile ova in a hrood pouch attached to the 
postero-dorsal corner of the thorax and bent up 
against its dorsal border. 

The larval trunk is 2mm long and almost 
spherical. The tail is wound only halfway around 
it. Larvae are retained in the brood pouch for 
a long time — being still there when the tail is 
withdrawn into the haemocoel and resorbed and 
when the adult organs are well developed. The 
oozooid is restricted to the posterior two-thirds 
of the larval trunk, which is separated from the 
adhesive apparatus contained in the anterior third 
hy a waist-like constriction. However the test 
maintains the almost spherical shape of the trunk 
and is not constricted at this point. Past the waist, 
the larval ectoderm flares out around the 2 very 
long, narrow, vertical bands of adhesive cells 
depressed into the larval cpidermis along the 
anterior mid-line. Most, but not all, specimens 
have a third, short, patch of adhesive cells, 
similarly depressed into the epidermis, between 
the 2 long bands. The whole of the anterior part 
of the larval trunk (with the adhesive organs) is 
surrounded by a band (4 or 5 deep) of fine, straight, 
slightly diverging, spikey tentacle-like projections 
that arise from the larval ectoderm just where it 
begins to flare. These continue through the thick 
larval test to its outer surface. Also, about 7 short, 
rather irrcgular ectodermal ampullae on each side 
project from around the waist (behind the base 
of the band of tentacle-like spikes). However, these 
are not always present — a number of well 
advanced larvae were found without any ectod- 
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Vic. 33, Sieillinu nigra: ab, zouids (AM Y2208, holotype AM U33): ed. larva (AM Y2208). Scales: a,b. imm; 


c,d, 0.5mm, 


ermal ampullae. As in the larvae of S. fantasiuna 
and S. digitata. the endostyle of the oazooid is 
vertical. There is dark pigment in the larval 
haemocoel, hut not in the test. 

Remarks: The species ohviously is related to 
S. fantasiana, being distinguished from it only by 
its largcr and more robust colony and zooids, and 
especially by its much larger larvae and the absence 
of the regular paired ectodermal ampullae found 
in S. fantasiana. Clearly these large, viviparous 
larvae. probably without a frce-swimming phase. 
would limit gene flow and contribute to isolation 
between New South Wales and southern Austral- 
lan populations. 

Sigillina digiiaia (Millar, 1962) trom South 
Africa has a similar though even larger (4 to 4.5mm 
long) larval trunk than tlie prescnt species (see 
Millar 1964). Further, the anterior end ofthe trunk 
has a similar arrangement of adhesive organs and 


ectodermal ampullae as S. nigra. although thc 
ectodermal ampullae are ionger in the South 
Atricun species. Long ectodermal spikes found in 
hoth S. nigra and S. fantasiana are not recorded 
for the African species. However, the larvae of 
S. digitata are so large it is possible they were 
cxamined without staining and these processes 
may have been overlooked, 

Millar (1964) speculates that the large embryo 
is contained in an cxpanded atrial cavity. 
However, in his specimen thc brood pouch 
expands from the posterior end of the thorax, as 
in S. nigra, causing the thorax to be tilted at right 
angles to its normal orientation (sec Millar 1964. 
p. 164). 

Sigillina nigra aud S. fantasiana are the only 
species in this genus to have thin vascular stotons 
on which musele fibres have not been detected. 
It is significant that the thick (5 to 7em) colonies 
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of S. digitata have zooids with conspicuous long 
vascular stolons with muscle fibres on them as 
in other species of Sigillina. 

Millar (1964) observed similarities between the 
larvae of Hypodistoma vastum and H. deerratum, 
and S. fantasiana. Larvae of the prescnt species 
differ from S. fantasiana only in their larger size. 
They dilfcr from those of //ypodistonia in having 
the adhesive apparatus separated from the 
posterior cnd of the larval trunk by a waist rather 
than being on a frontal plate connected to the 
posterior oozooid by a ventral stalk; and in having 
a band of spike-like, anterior ectodermal processes 
rather than a single ring of long, digitiform 
processes around the adhesive organs. 

Herdman (1899) in his original description of 
the present species remarked on the long. narrow 
stigmata and the gonads in the gut loop (albeit 
spilling out behind it). 


Sigillina signifera (Sluiter, 1909) 
(Fig. 34. Plate 8c,d) 
Polvcitor signiferus Sluiter, 1909, p. 5. 
Svrcozoa sedens Sluiter, 1909, p. 34. 
Eudistoma viridis Tokioka, 1955b, p. 49. 
Eudistoma viride: Tokioka. 19672, p. 122. Millar, 1975, 
p. 220. Not Nishikawa, 1984, p. 118. 
DISTRIBUTION 

New Recorps. Western Australia (Rowley Shoals, 
WAM 999.83). Queensland (Swain Reefs, QM G2805 
6 GH28I0 GH2688 GH3805; Lizard L, QM G8595 
G11902 4 GI2739 GH322 6113827 GH4096 100 
GH4946; MaeGillivray’s Reef. QM GH4091; Cape 
Flattery, QM G11905; Britomart Reef, QM GH278). 
Philippines (QM G12755 GH4II GH451). 

Parviotstys Recorpro Palau Is (Tokioka 1955b, 
(967a). Indonesia (ZMA TU808.1 leetotype Polvcitor 
signiferus Sluiter 1909). 

The species is common at shallow. sub-tidal depths 
in the tropical western Pacific. It is found amongst 
coralline algae and other weeds on hard substrates on 
undersides or vertical surfaces near reef edges and on 
the reef slope from just below low tide level down to 
5m. lt flourishes on the walls of channels and other 
loeations where the eurrent Ilow is fast, and where the 
flat, compact upper surface created by the tightly packed 
lobes of the colonies is advantageous, 

DESCRIPTION 

ENrIRNAI Arrearanct. Colonies appear as 
transparent bluish-green or greenish-black mats. 
up to 1,5cm thick, covering cxtensive arcas. Closer 
examination shows these mats consist of tightly 
packed, separate cushion-, wedge- or mushroom- 
shaped, flat-topped lobes, tapering to the base 
which somctimes has root-like projections that 
hclp to anchor the colony. Lobes are either 
attached separately to the substrate or to common 
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basal test, They vary in diameter from about 0.5cm 
to 3cm. Some of the more extensivc plates are 
attached to the substrate only here and there, 
where the basal test grows down to form a short. 
irregular attachment process. Colonies are usually 
rcadily dislodged. Zooids are not crowded and 
can bc seen opening onto the flat upper surface. 
The test is pale and transparent in living colonies 
while zooids themselves are often dark blackish- 
blue to bright green. Zooids become blackish- 
green in preservative. Green cells are concentrated 
anteriorly, especially in a ring around the base 
of the branchial siphon and in 2 symmetrical arcs, 
onc on cach side, curving down the body wall 
from the intersiphonal space, and in longitudinal 
lines on the abdomen and posterior abdominal 
process where they appear to be associated with 
the muscles. Possibly contraction of the muscles 
concentrates these pigment particles making them 
appear directly assoctated with the muscles. There 
also are some brownish-yellow and minute green 
pigment particles in the test of preserved 
specimens. 

INTERNAL. STRUCTURE: The thorax and abdo- 
men togcther are 3 to 5mm long when contracted. 
In addition there is a broad postertor abdominal 
vascular process onto which the strong longitud- 
inal muscles of the body wall extend to terminate 
abruptly at its posterior end, just before it divides 
into 2 or 3 short, terminal branches. About 25 
longitudinal muscles arc on the thorax. About 30 
stigmata are in the second and third rows, with 
more in the first row, which inclines anteriorly 
along each side of the mid-dorsal line as in 
Eudistoma. Fairly extensive unperforated areas 
arc both anterior and posterior to the stigmata. 

The gut loop is short, the abdomen being only 
about the same length as the thorax. The stomach 
is spherical and smooth, about halfway down the 
abdomen. There is also a small posterior stomach 
bcfore the tube expands into the rectum in the 
pole of the gut loop. Gonads. in the loop of the 
gut, consist of a conspicuous group of male 
follicles and an inconspicuous ovary. A large, 
tailed embryo is in the brood pouch constricted 
off from the postero-dorsal corner of the thorax 
in specimens collected in April (QM G11904), late 
June (QM GH4096) and December (QM GH4946) 
from Lizard 1, and in August (QM G11805) from 
Cape Flattery. Specimens from the Swain Reefs 
had tailed embryos in July (QM GH2810) and 
in January (QM GH2806). 

Larvae are large. with a larval trunk about 
3.3mm long and a tail about the same length. Dark 
pigment particles occur in the larval test and an 
ocellus and otolith in the cerebral vesicle. 
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Fics 34, Sigillina signifero: a,b, colonies (QM GI1903 GH4096); e, contracted. zooid with brood pouch (QM 
8595), d, extended soaid (QM 6 H4099); e, thorax showing colour pattern (lectotype ZMA TUSOS. D); f. 
larva (QM (68595), Scales: a, Smm: b, lcm: c-e, Imm: f. 0.5mm. 


Two large adhesive organs are in the mid-line at 
the anterior end of the body. They consist of a 
long narrow strip of secretory cells that arise from 
the base of narrow depressions. and which, when 
the larva is mature are produced forwards on short 


stalks as in S, grandissima n.sp, Three large. 


forward-projecting, balloon-like ectodermal 
ampullae develop from each side of the trunk just 
posterior to the base of the adhesive organs. 
Remarks. Although the species has all of the 
characteristics of the genus well expressed. certain 
aspects of its morphology separate it [rom other 
species. These are the unique, flat-topped lobes, 
sometimes small and containing relatively few 
200ids; zoaid openings an the flat upper surface; 
the dark colour of the zooids: and the relatively 
large numbers of stigmata in each row. The large 
larvac resemble those in the cyanea group. and 
in particular S. australis, which has 2 long adhesive 
organs and similar ectodermal ampullae to those 
in the present species. Zooids of this species also 
resemble those ol S. cyanea and S. australis in 
lacking transverse muscles on the thorax. 


The lectotype (ZMA TUSUS.1) still retains the 
concentrations of dark pigment cells illustrated 
by Sluiter (1909, pl. 1. fig. 2). These occur in many 
of the living as well as the preserved specimens. 

Colonies of the present species resemble those 
ol some Eudistuma. However. Eudistoma have 
more and smaller zvoids than the present species, 
and never have a brood pouch nor a long posterior 
ahdominal stolon, Eudistoma viride: Nishikawa. 
1984 from the western Pacfüc with dark green 
test and ‘roundish or flat and investing colonies’ 
(Nishikawa 1984. p. 118), and only occasionally 
with a posterior abdominal stalon, are unlikely 
to be this species, which never has either dark 
green test or flat colonies. 


Genus Polydistoma n.gen. 


Type species: Polrdistoma fungiforme n.sp. 


Zooids of this genus have 5 rows of stigmata, 
open by a long, posteriorly directed atrial siphon 
onto the upper surface of the sooid-hearing part 
of the colony while the branchial apertures all open 
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onto thc under surface, and have a long posterior 
abdominal proeess that extends into the basal test 
or stalk of the colony. Fine longitudinal muscles 
are present on the thorax and these eontinuc onto 
the abdomen and posterior abdominal process. 
There are 3 circles of branehial tentacles. The 
stomach is small, with a smooth surfaee, and the 
gut loop is short and horizontal. 

The method of vegctative replication is not 
known, although in one species new vegetative 
zooids are seen being added to the system at the 
top of the stalk as in Sigillina. The assignation 
of the genus to the family Holozoidae is indicated 
by its small zooids, short gut loop, arrangement 
of branchial tentacles, long and conspicuous 
vaseular process. and general resemblance to 
Hypodistoma, Further data on the method of 
replication is needed to confirm this affinity. 

Embryos are in the available colonies of one 
of the species only, viz. Polydistoma fungiforme 
n.sp. They are large and probably rupture directly 
from the abdomen to ineubate in the test as they 
do in Hypodistoma (see discussion on phylogeny 
of Holozoidae, above). The zooids of Hypodis- 
toma are similar with small and horizontal gut 
loops, and long, posteriorly dirccted atrial siphons 
(although these open into common cloacal spaces 
rather than directly to the exterior as they do in 
the present genus). Polydistoma also differs from 
Hypodistonia in its posterior abdominal process 
whieh does not appear to have a septum, and its 
5 rather than 3 rows of stigmata. 

There are two reeognised species in this genus, 
both from the southern half of western Australia. 
Thev differ from one another in the shape of the 
colony and in the number of stigmata in the 
branchial sac. 


Polydistoma fungiforme n.sp. 
(Fig. 35) 

DISTRIBUTION 

Tyer LocAi rrv: Western Australia (about 27km W 
of Cliff Head, Dongara, 29° 30'S 114°41.3’E, to 29°31.7'S 
114?42'E, 44m, MV Sprightly 17.2.76, pipe dredge, 
holotype WAM 881.83: about 26km SW of Dongara. 
29?23'S 114?42'E to 29°24'S 114°42’E, 33m, 17.2.76, 
paratypes WAM 880.83 QM GH2111). 
DESCRIPTION 

EXTERNAI APPEARANCE: The colony consists 
of an irregularly branched eylindrical stalk (about 
2cm in diameter) with each of the 3 to 6 branehes 
terminating in a zooid-bearing saueer- to trumpet- 
shaped expansion or frond from 3 to 10em in 
diameter. The fronds are thinner around their 
outer eireumference than in the eentre, where the 
under surfaec tapers to the stalk. Each frond is 
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concave on its upper (free) surfaee. There is no 
indication of how the colony is fixed — there is 
no basal stalk and all thc terminal branches have 
zooid-bearing terminal expansions. The long 
posteriorly projecting atrial siphons open onto the 
upper concave surfaee and the branehial apertures 
are on the under surfaee. The coneavity is 
homologous with a cloacal cavity. Zooids are 
evenly spaced in the terminal fronds, about 2mm 
apart. Stalks contain long, parallel vascular 
proecsses. Smaller zooids are in the centre where 
the new replicates are moving up into the frond. 
Larger and older zooids are toward the outer 
margin, 

In preservative colonies are all eream-eoloured 
with orange pigment particles around the bran- 
chial apertures. Their living colour is not known, 
The test is firm and translucent. 

INTERNAL STRUCTURE: Zooids are about 3mm 
long. The thorax is longer than the abdomen, the 
gut loop being horizontally oriented behind the 
thorax. The 6-lobed branchial aperture is on a 
short terminal siphon. The atrial aperture is on 
a long, narrow, posteriorly direeted siphon from 
the postero-dorsal corner of the thorax. The atrial 
siphons of smaller zooids in the central (thiekest) 
part of the colony are long (up to 4 times the 
length of the zooid). About 30 branchial tentacles 
lie in 3 cireles at the base of the branchial siphon, 
the 16 longest being in the posterior circle. Ten 
fine longitudinal muscle bands on the thorax 
extend from the branchial siphon and onto the 
abdomen — where they are inconspicuous, 
Longitudinal musele bands also extend along the 
atrial siphon, ineluding a few from the branchial 
to the atrial aperture along the dorsal border of 
the body. The neural gland and ganglion are elose 
together at the anterior end of the body. The 
opening of the neural gland is a eurved slit, 
obliqucly oriented, and directed anteriorly and to 
the left. It has a conspicuous tongue-like flap 
projeeting posteriorly from the right border of the 
slit. Dorsal languets are rather short, triangular 
expansions of the transverse vessels where they 
cross the dorsal mid-line. There are 5 rows each 
of 15 long, reetangular stigmata, but no paras- 
tigmatie vessels. 

The oesophagus curves toward the ventral side 
of the zooid, opening into a small, smooth, 
spherieal stomach with an extremely short suture 
line. The stomach lies horizontally about halfway 
across the posterior end of the thorax. A fairly 
long duodenal area extends posteriorly from the 
stomaeh and eurves ventrally before narrowing 
to a long mid-intestine that forms the pole of the 
gut loop. The mid-intestine has a posterior 
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Fic. 35, Polydistoma fungiforme n.gen. n.sp. (holotype WAM 881.83): a, colony: b, zooid; c. diagram showing 
position of zooids in colony. Scales: a, 2cm; b, Imm. 


stomach expansion about halfway along its length. 
The rectum curves up to extend horizontally across 
the posterior end of the thorax, sometimes a little 
to the left. The distal portion of the rectum opens 
at the base of the atrial siphon in a two-lipped 
anus, or occasionally it is found curved over into 
the proximal part of the siphon. The vascular 
process is fine and originates from the left side 
of the gut loop. It has a rounded terminal ampulla. 
These processes are about Imm long in zooids 
from the periphery of the frond, but they are long, 
extending parallel to one another down into the 
stalk in smaller zooids in the centre. 

Gonads were not detected in any of the 
specimens. Large embryos (about 2mm long) are 
posterior to the abdomen, probably having 


ruptured from the side of the gut loop. Although 
the tail is differentiated in some, no other structure 
is discernible. 


REMARKS: Polydistoma longitube does not have 
a concavity or other cloacal homologue and, 
although closely related to the present species, it 
has a vastly different colony structure. The present 
species appears unique, and its morphology is 
striking. Although there is no record of its 
appearance when living, it is possibly beautiful, 
with translucent palm-like fronds, in which the 
zooids are embedded. There is no sign of its point 
of attachment in the one available colony, but 
it is not impossible that has broken free — it is 
not likely to be planktonic. 
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Polydistoma longitube Kott, 1957 DESCRIPTION 
(Fig. 36) EXTERNAL APPEARANCE: Only the holotype 
Polvcitor longitubis Kott, 1957a, p. 80. colony has so far been collected. It is a fleshy, 
DISTRIBUTION circular cushion, 2cm thick and 6cm in diameter. 
New Rrconps: none. However, the colony appears flattened, and in life 


Pnrviousi.Y RECoRDED: Western Australia(? between it could have been upright, possibly top-shaped. 
Cockburn Sound and Albany — AM Y802 Kott 1957a). The centre is firm, gelatinous, zooid-free, and has 


Fic. 36, Polydistoma longitube n.gen. (holotype AM 802): a, colony; b, zooid; c, diagram showing position of 
zooids in colony and vascular stolons reaching down into stalk. Scales: a, lcm; b, 0.5mm. 
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the vascular processes of zooids irregularly 
acattered through it. Zooids are in the surface layer 
of test in areas representing about three-quarters 
of the upper surface of the flattened. cushion. 
Branchial apertures of zooids around the 
periphery open into a depression just inside the 
margin of the upper surface. and their long atrial 
siphons sometimes extend a considerable distunee 
through the test to opcn on the sides of the cushion, 
Zouids are also in rather, thin, irregular flaps of 
test that seem to overgrow the surface of the colony 
to form poekets. The branchial apertures of the 
vooids in these flaps open on the under surlace 
of the flap into the space il eneloses against the 
surface of the remainder of the colony. The long 
atrial siphons open an the outer surlace of the 
flaps which develop from around the periphery 
of the colony and grow toward the cemre, as well 
as growing over toward the periphery from the 
centre. 


INdERNAL STRUCIURI- Zooids are only about 
2mm long The thorax ts longer than the abdamen 
which is folded in tightly behind the thorax. The 
long atrial siphon [rom the postera-dorsal part 
of the thorax is up to Icm long. however. About 
I0 fine longirudina) museles occur on the thorax. 
and some extend along the dorsal border of the 
thorux between the branehial und atrial siphons. 
There are 6 branchial lobes, but none were detected 
on the tip of the atrial siphon Twenty stigmata 
occur in each of 5 rows in the branchial sac. 
although these were difficult to eaunt, There are 
no parastipniatie vessels. 

The gut is rather voluminous, with a smooth 
and almost spherical stomach, a long duodena! 
area, and a long mid-intestine with a pear-shaped 
posterior stomach about halfway along its length. 
‘The reetum eurves up against the lelt side of the 
branchial wall belore turning back abruptly so 
that its distal end is in the base of the atrial siphon. 
A circle of about 12 pear-shaped male follicles 
te in the gut loop. No ovary was detected, 

A long vaseular process extends from the right 
side of the posterior end of the abdomen. and 
it has a few fine muscle fibres on it. 


Remarks. Despite the similarity of its zooids 
10 those of P. fungiforme, the present species 
appears distinct, Polvdistoma fungiforme has 
relatively narrow eylindrical stalks with circular 
200id-bearing terminal Ironds that contrast with 
the massive. central test and thin irregular flaps 
of zooid-bcaring test of the present species 

Polvcitor torosus Sluiter. 1909 has a colony that 
resembles that ol the present species, and a long 
atrial siphon from the posteciarend of the thorax 
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However, iL has only 3 rows af stigmata and 
belongs m the new genus Exosrema in the 
Polyeitondac, 


Genus Hspodistoma Tokioka, 1967 
Type species? Diwoma deerrarum Sluiter, 1895, 


Colomes are massive, soll und sessile. Zooids 
are small, with long, posteriorly projecting atrial 
siphans opening Into extensive. cloacal spaces 
which separate a basal or central core of test [rom 
the auter, zaoid- bearing layer, Atrial apertures are 
b-lobed. The abdomen is relatively short, usually 
shorter than the thorax. Fine longitudinal muscle 
bands on the thorax continue onto the long 
posteriae abdominal stolons that extend into the 
central core ol test. Ow the thorax transverse 
muscles lic beneath the longitudinal anes, There 
are 3 rows of stigmata. without parastizmatic 
vessels, 

Ova probably ace fertilised in the abdomen. 
Sometimes embryos are incubated free in the test 
having detached themselves Irom the abdomen {//, 
vastum, H. mirabile), or they develop, one at a 
timc. in a broad pouch attached to the postero- 
dorsal corner of the thorax (H. deerratum). 

Larvae, knawn lor all except /£. mirabile, are 
large and have an unusual fringe of uniform 
tentacle-like processes around the characteristic 
adhesive organs. The adhesive organs arc 
depressed into a frontal plate which is joined to 
the posterior half ol the laeval trunk by a ventral 
stolon. 

The similarity between the larvae of this geniis 
und those of Nisillina may be only apparent. 
associated with their large sive, The adhesive 
Organs are large and depressed into the ectoderm 
in hoth species. However, in Sigtlinag a waist 
scpurates the anterior adhesive region of the larval 
trunk from the posterior half with its developing 
blastozooid, while in /Zrpodistoma the adhesive 
organs are on a Irontal plate that is joined to the 
posterior part of Ihe larval trunk by a ventral 
stolon. The spike-like processes that radiate out 
through the test Irom the anterior patt of the larval 
epidermis in Sigillina fantasiana and related 
species may be homologues of the ring of tentacle- 
like processes thal surround the adhesive organs 
in Hypodistoma ~ but that is not certain, The 
presence of 3 rows of stigmata, in. A ypodistema 
and Stgilling could be à convergent character, is 


400ids of Polvdistonia n.gen., with more rows of 


siigmalta, are otherwise more like the zomda nl 
Hypodistonta than Siellina, Hypodtytoma alsa 
resembles the new genus Polydistoma m ihat 
fertilisation is probably at the base of the oviduct, 
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TABLE 4. SUMMARY OF CHARACTERS OF THE Species OF HYPODISTOMA RECORDED FROM AUSTRALIA 


Incubation of 
embryos 


Larval trunk 


Systems 


Colony 
shape 


?Range 
around 


Biogeographic 
description 


Species 


(length, mm) 


Australia 
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? separated from abdomen 


numerous scattered 
cloacal apertures 


single terminal 


irregular cushion 


South Australia 


A,te 


H. mirabile 


in thoracic brood pouch 


0.8 


flask 


Low Is-Abrolhos 


WP, tr 


H. deerratum 


cloacal aperture 


!A, indigenous; WP, western Pacific; tr, tropical; te, temperate. ?Range given anticlockwise around the continent. 


the embryos separating from the abdomen and 
developing in the test (see discussion on Holo- 
zoidae, above). 

Hypodistoma vastum: Tokioka, 1967a was 
thought a synonym of H. vastum (Millar, 1962). 
However, Tokioka's specimen lacks the large 
posterior abdominal stolon, has the long zooids 
characteristic of Polycitoridae and is a junior 
synonym of Polycitor ianthinus Sluiter, 1909 (see 
Millar 1975). lt has been assigned to the new genus 
Exostoma in the Polycitoridae (see below). 

Hypodistoma is represented by 3 species, H. 
deeratum from the Philippines to Houtman's 
Abrolhos on the western coast of Australia and 
Heron l. on the eastern coast, H. mirabile from 
the Great Australian Bight to Western Port 
(Victoria), and H. vastum Millar, 1962 from South 
Africa (see also Millar 1963b). It appears an Indo- 
West Pacific genus, H. vasta and H. mirabile being 
temperate representatives. 

The species are distinguished from one another 
by differences in colony form, by differences in 
the size of the larvae, and by differences in 
brooding of the embryos — H. vastum and H. 
mirabile have embryos incubating in the test, 
having separated from the abdomen, while those 
of H. deerratum move from the abdomen into 
a narrow-necked thoracic brood pouch. 

Hypodistoma vastum (Millar, 1962) from South 
Africa (see also Millar 1963b, 1964) resembles H. 
deerratum, and its relationship with the latter 
species is discussed below (see H. deerratum). 


Hypodistoma deerratum (Sluiter, 1895) 
(Fig. 37. Plate 8e) 
Distoma deerrata Sluiter, 1895, p. 167. 
Sigillina deerrata: Hastings, 1931, p. 87. 
Atapozoa deerrata; Kott, 1967, p. 185; 1972e, p. 44. 
Hypodistoma deerrata: Millar, 1975, p. 215. 
Polycitor coalitus Sluiter, 1909, p. 23. 
Sigillina ( Polycitor) coalita: Michaelsen, 1930, p. 484. 


DisTRIBUTION 

New Rrconps: Western Australia (Port Hedland, 
WAM 995.83 997.83, Cape Preston, WAM 791.83; 
Montebello Is WAM 789.83 998.83; Dampier Archipe- 
lago, WAM 996.83; Houtman’s Abrolhos, WAM 788.83 
790.83). Queensland (Heron I., QM GH1383; Abbot 
Point, QM GH706 GH729; Townsville, QM G8590; 
Cairns, QM GH4095; Lizard 1.. QM G10153, AM Y2134; 
Stanley Reef, QM GH235t; Cape Tribulation, QM 
GH781, AM Y2140; Cape Kimberley, QM GH4092; 
Princess Charlotte Bay, QM GH4094; Bathurst Head, 
QM GH4093; Thursday L, QM G9809-11 GH301; 
Murray L, QM GH301). Northern Territory (Darwin, 
QM GH 4225). 

Previousty RECORDED: Queensland (Low Is — 
Hastings 1931; Thursday L, Torres Strait — Sluiter 


THE AUSTRALIAN ASCIDIACEA 2 


Z 


I 


CEED 


— toe 
= 
= 
= 
MEZ 
<-> 


=== 


z7 
p 


107 


Fic. 37, Hypodistoma deerratum: a, colony (QM GH2354); b, zooid (QM G10153); c, larva (WAM 791.83). 


Scales: a, lcm; b, 1mm: c, 0.1mm. 


1895). Northern Territory (Gulf of Carpentaria Kott 
1966, 1972e). Philippines (Millar 1975). 

The species has been rccorded down to 80m. It is 
tropical, extending south only to Houtman's Abrolhos 
and Heron I. the southern extent of thc coralline 
regions on the western and eastern coasts of Australia, 
respectively. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are large (up 
to about 15cm high and 8cm diameter) upright 
and more or less flask-shaped, narrowing to a firm 
base and often narrowing terminally as well. A 
large, often terminal, cloacal aperture, surrounded 
by thin zooid-free test, has a smooth rim and 
protrudes from the upper surface. The firm basal 
test continues up into the centre of the colony 
forming a firm core. The outer layer of zooid- 
bearing test, which often continues above the 
central test core to enclose a central cavity in the 
upper part of the colony, is soft, irregular and 
complex, being divided by deep furrows that 
separate the surface into lobes and ridges. lt is 
penetrated by large cloacal spaces that partially 


separate the zooid-bearing layer from the central 
core of firm test. Zooids are crowded in circular 
groups beneath the outer surface of the test as 
well as in the base of the furrows and clefts in 
the surface. Branchial apertures open to the 
surface where the zooids are located. Atrial 
apertures are on long, tubular siphons that open 
into the large cloacal spaces behind the zooids. 
The circular areas containing the zooids often 
protrude as shallow mounds from the surface of 
the colony. 

In preservative colonies are rather dirty beige, 
pink or purple, sometimes with brown flecks. 
Living colonies have been described as 'grey with 
yellow’ and ‘purple variegated’. 

INTERNAL STRUCTURE: Zooids are small, about 
3mm long, excluding the siphons, The branchial 
siphon is sometimes as long as the rest of the zooid. 
The atrial siphon, projecting posteriorly from the 
posterior end of the dorsal border of the thorax, 
is at least as long as the branchial siphon, but 
often it is longer. Both apertures have 6 small 
lobes around their rims. A long. narrow posterior 
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abdonnnal stolon extends Irom the posterior end 
of the uhdomen into the central test core oL the 
colony. The thorax has circular muscle fibres 
forming an almost continuous coat around its 
posterior two-thirds, The siphons ure also 
surrounded with circular muscles, Longitudinal 
muscle bands from each siphon extend alang the 
length of the abdomen. About 6 fine musele fibres 
are on the posterior abdominal stolon. 

The branchial sac has 3 rows eaeh al 10 long 
stigmatu. A wide expanse of unperforated 
pharyngeal wall lies anterior to the stigmata and 
another Jess wide is at the posterior end ol the 
pharynx, The abdomen is shorter than the thorax 
and the gut loop tight and rather narrow. The 
small, spherical stomach is in the posterior third 
of the descending loop, ‘Thus, the oesophagus is 
longer than it usually is in Sigil/ina. There is à 
small, oval, posterior stomach in the descending 
limb belore the gut expands into the rectum. 
Gonads, in the abdomen. consist of a small group 
ol testis l'ollieles, and usually one large ovum. 
Embryos develop, one at a time, in the brood 
pouch separated. [rom the postero-dorsal corner 
uf the thorax by a narrow neck. Tailed larvae 
are in the broud pouch in some specimens taken 
from Cape Preston in December (WAM 791.83), 
Iram Lizard L. in November (QM G10153), Irom 
uff Cairns in February (QM G4095), and Iram 
off Cape Vribulution (QM GH781) and Cape 
Kimberley (QM GH4092) in September. 

The larval trunk is morc or less spherical, 0.8mm 
in diameter The tail is wound three-quarters ol 
the way around the trunk. Most of the larval trunk 
is accupied by the developing adult organs, viz. 
the pharynx with its 3 rows of stigmata and the 
developing gut loop. Ihe three adhesive organs 
are in the median vertical line at the anterior end 
ol the trunk. l'hey are carried on a stalked frontal 
plate that extends dorsally Irom the ventral part 
of the anterior end of the oozooid, Each consists 
of a central column of adhesive cells rising from 
the base of 2 concavity in the epidermis ol the 
frontal plate. There is a large ocellus und an otolith 
in the cerebral vesicle. A fringe ol evenly spaced, 
parallel. forward-projecting. fine. tentacle-like 
projections ol uniform length encirele the frontul 
plate reaching from the base of the adhesive organs 
to the surluce ol the test, 

REMARKS: The South African /Z/vpodisroma 


vastum (Millar, 1962) is distinguished fram the 


present species mainly by its larger larva (the larval 
trunk being 1.9mm long). Lhe embryo apparently 
separates from the abdomen and develops free in 
the test rather than in a brood poueh attached 
to the thorax (Millar 1963b). Hypodistoma 
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mirabile is distinguished by its cushion-like rather 
than upright colonies, the longitudinal rutges on 
its surface. its longer (7mm) 700ids. and (like H. 
vastum) the absence ol a thoracie brood pouch. 


Hypodistoma mirablle (Kott, 1972) 
(Fig. 38 Plate 81 h) 
Atapazoa mirabilis Kotu. 19726, p. 168; 1976, p. 56. 
Distritos 


New Krengpos. South Australia (Great Australian 
Bight. QM G112379 6114198). Victoria (Baxs Strait, MV 


H750). 
Prrviotsry Rircorpro South Austraha (Great 
Australian Right Kott 1972h). Victoria (Western Pari 


MV FS3818 Koti 1976). 
Vhe species has been taken at depths from 7 te tén. 
viten in caves where there is strong water movement. 


DESCRIPTION 

EXTERNAL Arriaranek: Colonies are large, 
irregular, Neshy masses, with dark ridges along 
the surface and deep furrows between them, 
Vurrows sometimes continue into eavities. These 
are packets in the colony a continuation. of 
the outer surface whieh has become complex 
owing to its folding. Branchial apertures of zaoids 
open wll over the outer surface and into these 
pockets. Common cloacal apertures are large and 
conspicuous und several oceur along the ridges. 
Common cloacul cavities are beneath the rather 
thin layers of zooid-bearing test in the furrows 
and ridges ol the outer surlaee, und lining the 
pockets in the colony. The whole colony is 
traversed by spaces, cither pockets in the test or 
common cloacal cavities. 

Living colonies are pinkislt berge with dark 
biown along the ridges which persists in the 
preserved material. 

INTERNAL Srevevurr Zooids are only sbam 
3mm long, with the abdomen only shout hall the 
length of the thorax. The branchial aperlure is 
on a short siphon. The atrial siphon is long. 
projecting posterioily (rom the posterior half af 
the dorsal border of the thoras to open into the 
cloacal cavities beneath the zooid-bearing layer 
of test, The rims of bath the branchial and atrial 
apertures cach have 6 lobes. Ten line longitudinal 
muscles on the thorax extend alang the abdomen 
and in à band along each side of the posterior 
abdominal stolon. A layer of line. transverse 
muscles surrounds the posterior two-thirds of the 
thorax. Cireular muscles are around the brinchial 
siphon and along the length of the atrial siphon. 
The branchial sac has [2 long elliptical stigmata 
in each of the 5 rows, lhe unperforuted part of 
the pharyngeal! wall anterior to the stigmata is 
long, occupying almost the whole anterior hall 


THE AUSTRALIAN ASCIDIACEA 2 


of the pharynx. A shorter unperforated area is 
at the posterior end. 

The gut forms a narrow tight loop, with the 
small, smooth stomach about halfway down the 
abdomen, and small posterior stomach also in the 
descending limb of the gut. The rectum extends 
from the pole of the gut loop and curves over 
into the proximal part of the atrial siphon. Gonads 


PA 


TOO 


hic. 38, Aspecdistuma ntirabile (QM G112379): 7void. 
Seale, 0.5mm. 
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are present in the gut loop. They are mature in 
colonies collected in April [rom Western Port 
(Kott [976). but not in thase from Elliston Bay 
collected in May (Kotu 1972b), nor the newly 
recorded ones from Ward J. collected in April (QM 
GH2378), The Victorian material has a large ovum 
attached to the side of the gut loop. Larvae are 
not known for this species, 

REMARKS The species, with posteriorly directed 
atrial siphon opening into cloacal eavities beneath 
the zooid layers, resembles H. deerratum and H. 
vastum (from South Africa) although the zooids 
ure smaller. Mipodisioma vastum has large 
embryos developing frec in the test, although 
Millar (1963b) did not know how they got there. 
The large ovum attached to the abdominal loop 
in colonies of the present species from Western 
Port suggests that. instead of moving up the 
oviduct to develop in the hrood pouch attached 
to the postero-dorsal corner of the thorax, the 
ova of this species are fertilised and initially 
incubated at the base of the oviduct. They could 
subsequently break away from the zooid to 
complete development in the test, as do the single 
embryos in the family Didemnidae and possibly 
in Polrdistoma and certain Distaplia. 


Genus Distaplia Della Valle, 1881 
(nomen conservandum) 


Type species: Holozoa cylindrica Lesson, 1830 


The genus is characterised hy its relatively short 
zooids each with a 6-lobed branchial aperture, and 
a wide atrial opening with the upper border 
produced into a large anterior lip. Zooids are 
arranged regularly in one or more circular, or oval, 
or long radiating, double row cloacal systems. 
Colonies are fleshy sheets, cushion-like or stalked. 
The test often has a spongy consistency. There 
always are 4 rows of long stigmata, usually crossed 
hy a fine parastigmatie vessel. The stigmata in 
each row are progressively reduced in length 
toward the ventral line, leaving three small 
triangles of unperforated pharyngeal wall bounded 
by the ventral ends of raws of stigmata and the 
endostyle. Pointed dorsal langucts are on the 
transverse vessels on the left of the dorsal sinus. 
The stomach wall is often folded. A posterior 
stomach is absent. Often (but not always) a large. 
spherical to oval gastric reservoir is in the gut 
loop. The junetion betwcen the mid-intestine and 
the rectum is always well defined and often has 
a distinet rectal valve. Gonads, consisting of à 
cluster of large testis follicles and a small group 
of ova, are either in the gut loop. or in a narrow- 
necked sac projecting from it. A conspicuous 
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vascular process irom the left side of the posterior 
end of the abdomen extends into the base or ventre 
of the colony and down into the stalk (when one 
is present). Fine muscle bands extend obliquely 
from the branchial aperture and the intersiphonal 
space toward the postero-dorsal corner of the 
thorax, They may sometimes extend onto the 
abdomen but are inconspicuous and seldom 
detected, Muscle fibres have not been detected on 
the vascular process, Dorsal muscles in the 
intersiphonal region curve out around the anterior 
atrial lip and extend down euch side of the 
aperture. Ova are fertilised, and embryos are 
brooded, ina loop of the distal part of the oviduct 
thal projects. into a sac from the postero-dorsal 
part ol the thorax behind the atrial opening. The 
brood pouch hecomes detached trom the zooid 
to lie free iñ the test. Embryos probably are freed 
from the surlace of the colony by rupture of the 
test. 

Known larvae are all similar. They are large, 
With triradially arranged stalked, adhesive organs. 
[he stalks of the adhesive organs develop large, 
rounded ampullary swellings at their base, They 
have a protruding axial cone of columnar cells 
surrounded by a cup-shaped structure consisting 
ol an outer and parietal layer of specialised 
ectodermal cells, Each axial cone has a hyaline 
cap. the tip of which projects through nn aperture 
in the larval test. Adhesive organs conform 10 
those of Distaplia occidentalis Bancroft (see 
Cloney 1977), These are supported on à stolon 
from the posterior end of the eozooid which 
persists as a vasculat appendage follawing 
metamorphosis, Usually both ocellus and mtolith 
are in the cerebral vesicle. Adult organs, especially 
the branchial sac and the gul loop, are well 
developed and the former is especially large, 
vecupying about one third of the larval crunk. 
larvae are unusual in producing small buds fram 
epicardial tissue at the junction of the oesophagus 
and pharynx (Berrill 1935b), The larval test 
contains crowded bladder cells and often pigment 
particles that obscure the developing organs. Mast 
known species have only one embryo in each brood 
pouch — although a few species (D. australiensis, 
D. muriella n.sp. and D. violeítu n.sp.) have morc. 
Larvae arc remarkably similar. with short tails, 
and large and sometimes almost cigar-shaped 
trunks containing vegetatively produced buds 
developed from the epicardial sacs at the posterior 
end ot the pharynx, 

The epicardial epithelium constitutes the 
regenerative tissue (Brien 1948) lor replication In 
the adult, Replication occurs In 2 ways, viz, from 
numerous vegelative stolons (each contaming a 
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vestige of the left epicardial sac) isolated trom the 
posterior end of the abdomen, near the vascular 
appendage; or from the remains of the anterior 
horns of the epicardial sacs that persist in the test 
following dissolution of the zooids (Berrill 1935h}. 
Replication is prolific, but less so (han in Srcozed, 
Species with several systems have randomly 
scattered cloacal apertures on the upper surface 
of sessile colonies and all around the zooid-hearing 
head of stalked colonies. Distaplia Nysternulica 
Tokioka, 1959 from Japan has a single circular 
system in each separate lobe of the colony. In 
others with single systems, viz. Distaplia auxtra- 
liensiy Brewin, 1953, D, vallii Herdman, 1886 and 
D. mithi Abbott and Trason, 1968 trom Cali 
fornia. zoaids are arranged in rows along each 
side of the long canals that converge to a terminal 
cloacal aperture thus differing from .Sreozoa 
which have long parallel canals that terminate 
around the flat, zoo:d-Iree upper surlace. 
Distuplia is remarkably homogenous and can 
conlidently be regarded as monophyletic. Within 
the genus. species parameters are far fram 
resolved. Differences in the colony — fram 
cushion and extensive sheet-like forms fixed by 
à large area ol the base, to stalked heads — have 
been regarded as intraspecific by many authors 
(Michaelsen 1930. Tokioka 19672. Millar 1975). 
However. in most of the cases referred to by these 
authors, associated differences in the zooids have 
heen cletected that suggest genetic isolation and 
it is probable the colony form is a more reliable 
indicator of species identity than formerly thought, 
ly this study characters used to define a species 
are colony (orm (either sheet-like, sessile cushions 
or stalked), position of gonads (cither in the gut 
loop or in a sac-like posterior abdomen), 
arrangement of the zooids (either around, ar in 
double rows radiating from, the cloacal apertures: 
or à combination of both). There are also 
interspecific differences in the ratio of longitudinal 
thoracic muscles (from the branchial siphons) to 
oblique muscles (from the ventral mid-line), the 
shape uf the stomach and its orientation. the 
condition of the stomach wall (either smooth, 
papillated, or folded, or with the internal lining 
raised into longitudinal ridges or reticulations), 
the number of testis follicles, and the number of 
embryos in the stalked brood pouch. 
Remarkably little intraspecific variation occurs 
in the numbers of stigmata per row — rarely more 
than 4, and usually fewer, bemg involved, Further 
the characteristic number is present in all but the 
smallest vegetative zouids. There are one or 2 more 
present on onc side of the branchial sac (usually 
the lett) than the other, and usually 2 less in the 
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sterior row than the anterior 3 rows. Previously 


reported intraspecilic variations and ranges in the 


nu 


dif 


mber of stigmata probably have resulted Jrom 
ficulties in counting the stigmata of contracted 


thoraces. The major interspecific differences in the 
larvae are their size and the development of the 
ampullae around the base of the stalked adhesive 
organs, 

‘The large, short-tailed larvae brooded for along 
time in the parent colony, may not be widely 
dispersed. This could be the reason for the 
isolation that has resulted in the large numbers 


al 


apparently indigenous species of limited ranges 


known from tropical as well as temperate seas. 
In addition to the 12 indigenous Australian species 
reported on befow, there are 4 indigenous Japanese 
species (Tokioka 1963). 3 indigenous South 
African species (Millar 1962), 3 indigenous New 
Zealand species (Brewin 19565) and 2 species [rom 
the western Pacific (D. vallii Herdman, (886 and 


D. 


mikropnoa Sluiter, 1909). 


‘Tropical species are few (D. cuscina n.sp.. D. 
violeita n.sp.. D. vallii and D. mikropnoa trom 
the Pacific; D. stylifera from the Indian Ocean), 
he Jast 3 have wide gcographie ranges. 


t-2 


Kry 10 rir Serciós or DIAPLA 
RECORDED FROM AUSTRALIA 


Gonads in a sac posterior to abdomen... .2 
Gonads not in a sac posterior to abdomen.. 
Systems one per stalked head of colony.. 
wculssase e Eb oisqa e D: oustralionsis 
Systems more than one per stalked head of 
COLONY css e Aus me I o dee 
Stomach with external felis vs sate sea OM 
Stomach without external folds........-.. 
Wer. Tuis shes 07 VT TES GR RE 
Testis follicles short, bunched .....,.....3 
Testes follicles long, párallel......... sese 
re Ca a Rane pensis se oD. WOM n-sp. 
Colonies usually stalked; parastigmatic 
vessels usually absent........ D. stylifera 
Colonics not stalked; parastigmatic vessels 
PRESEN <a sess etcetera +> D. JOKIOKG Nesp: 
Stomach with external folds....... vere sid 
Stomach without external tolds..........68 
Stigmata > [2 per row........... D. dubla 
Stigmata not > 12 per row ...... D. pallida 
Colonies rope-hke ....0. retínaculata n.sp. 
Colonies not rope-like..... ED T a A 
Systems with radiating double tows of 2001ids; 
oesophagus constricted distally ..... Ses 
oreet URAL s 


Systems oval or circular: oesophagus not 

constrietedidistally soc sae acters <6 JU 

10. Stomach with conspicuous longitudinal 

ridges internally ........ D. cuscina n.sp. 

Stomach without conspicuous longitudinal 

ridvesuniternallvo oa oie eese eel 

11. Thovacte muscles mostly longitudinal...... 

Ane CUTE EMEN 2 D. regina nsp. 

Thoracic muscles not mostly longitudinal . xt 

12. Stigmata 22 ? or more Der TON esse eins od 

Stigniata less than 22 per row. ... D. viridis 

13. Larval trunk > 2mm: thoracie muscles 
longitudinal and oblique........... 2 

AU UIS URDU OUS D. florida n. SP. 

E arval trunk < 2mm; thoracie muscles mostly 

aplique sene e cinsa sea DI VOCERI OTS N: 


Species recorded Írom adjacent areas, bul nol 
recorded from Australia are: 

Distaplia capensis Michaelsen, 1934 from South 
Africa has similar colonies to D. violetta n.sp, 
bbt its gonads are in the abdomen. Its zooids, 
with stomach folds. resemble those of D. pallida 
(see also Millar 1962. 1964). 

Distaplia durbanensis Millar. 1964 trom South 
Africa is unique in having an abdominal brood 
pouch and a transverse atrial opening across 
the posterior third of the dorsal surface. tb has 
a stalked colony and a rounded almost spherical 
head. lts stomach has interna! papillatians 
sometimes arranged in longitudinal lines as in 
D. muriella n.sp.. and its gonads are in the sul 
loop. 

Distaplia mikropnoa (Stuiter. 1909) from Indouc- 
sia, forms a massive colony that distinguishes 
it from the stalked D. stylifera. It also has an 
anastomosing network of stomach folds rather 
than the parallel ones of the latter species. 

Distaplia skoogi Michaclsen, 1934 (sce also Millar 
1962) from South Africa, has small cushion- 
like colonies with circular systems, Hs gonicds 
are in a posterior abdominal sac. It lacks true 
stomach folds, but otherwise is similar to the 
South Australian D. roktoka n.sp. The cushion- 
like. broadly based specimens assigned by Millar 
(1975) to D. silifera may be this species (scc 
Millar [975. fig. 17a) or D. violenta n.sp. 

Distaplia stvlifera: Millar. 1975 (part. specimen 
21.3.1922 from Tocal) is not correctly assigned. 
The position of the rudimentary ovary praject- 
ing from the abdomen, is not an incipient 
posterior abdomen but is normal in juvenile 
vegetative zoolds. as is the presence of an atrial 
siphon Therefore, this specimen could belong 
to a species in which the gonads are contained 
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in the gut loop. It resembles the new speeies 
D. racemosa n.sp. from northern Australia but 
is distinguished from it by the form of the colony 
— Millar's specimen consisting of separate lobes 
with a single system per head, It appears similar 
to D. svstematica Tokioka, 1958 from Sirahama 
(Japan), Millar's drawing (Millar 1975, fig. 18) 
showing the preponderance of transverse 
museles eharaeteristic of the Japanese species. 
Distaplia vallii Herdman from the Philippines 
has colonies consisting of similar stalked heads, 
but it has double row systems. 

Distaplia tahihuero Monniot and Monniot, 1987 
from Tahiti has colonies closely resembling 
those of D. cuscina n.sp. both in form and in 
colour — both living and in preservative. Zooids 
differ only in the fewer testis follicles — 6 to 
8 in D. cuscina and 3 or 4 in the specimen from 
Tahiti. This may indicate no more than a 
population difference. 

Distaplia vallii Herdman, 1886 from the Philip- 
pines (not Holozoa vallii: Van Name, 1918 « 
D. cuscina n.sp.) has numerous stalked heads 
from a common base, each head a single system 
with double rows of zooids converging to the 
terminal eloacal aperture. The colonies most 
resemble those of D. australiensis, but the 
gonads of the Philippine speeimen are in the 
gut loop rather than in a posterior abdominal 
sac. 


Distaplia australiensis Brewin, 1953 
(Fig. 39. Plate 9a) 
Distaplia australiensis Brewin, 1953, p.61. Kott 1957a, 
p.95; 1975, p.1. 


DISTRIBUTION 

New Recorps; South Australia (Spencer Gulf, QM 
GH2288; St Vincent Gulf, QM Gl10126). Tasmania 
(d'Entrecasteaux Channel, TM D251 D2021; Huon 
Channel, TM D1850). Victoria (Bass Strait, QM 
G11871). Queensland (Calliope River. QM GH2158). 

Previousty Recorprp: South Australia (Spencer 
Gulf —§ SAM E1993, QM G9259 Kott 1975). Tasmania 
(S. Tasmania AM U384 Brewin 1953, Kott 1957a; 
d'Entrecasteaux Channel Kott 19574). 

The maximum depth at which the species has been 
taken is 50m. Most records of this species are from a 
relatively small area between Spencer Gulf and the 
eastern coast of Tasmania. The record from Gladstone 
is anomalous, It cither represents an isolated population 
of this species, or it indicates inadequate sampling of 
a species with a continuous range between tropical and 
temperate waters. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of a 
number (up to 10) of spherical to conical heads, 
upto l.5em in diameter, on fleshy eylindrieal stalks 


bl 


longer than the head and about half its diameter. 
Stalks are joined to one another basally and to 
a mat of test, Zooids are arranged in double rows 
radiating from a large terminal cloacal aperture 
in the centre of the upper surface of the head. 
Intervals between the double rows of zooids are 
where the cloacal canals extend bencath the 
surface test from the terminal cloacal cavity down 
thc sides of the eolony. The sides of the zooids 
away from the canals are close to the zooids in 
the adjacent row. The test has a spongy 
consistency. 

Living colonies are blue-grey. In recently 
preserved material colonies are greenish-blue, the 
test containing inky-blue partieles that eolour thc 
preservative, Later this colour is lost and the 
eolonies are beige. 

INTERNAL SiRUcIURE: Zooids are small, the 
thorax and abdomen together being about 4mm 
long, and the sac-like posterior abdomen attached 
to the right side of the posterior end of the 
abdomen is, when the gonads it contains are 
mature, only about half that length. About 30 fine 
musele bands are on the thorax, about half 
extending obliquely from the endostyle toward thc 
posterior end of the pharynx. Muscles were not 
detected on the abdomen. The dorsal muscles cross 
the mid-dorsal line around the top of the atrial 
opening where they curve out into the pointed 
lip that is produced from the upper border of the 
opening. They then pass down along each side 
of the opening. These muscles are crossed by 
strong bands from the branchial aperture extend- 
ing along the centre of the atrial lip; and a few 
extend from the borders of the atrial aperture 
transversely across the sides of the body. The atrial 
opening is asymmetrical, one side of the aperture 
exposing more of the branehial sae than the other. 
The asymmetry is dependent on the side of the 
eloaeal eanal on whieh the zooid is located, the 
side facing the cloacal eanal being the one on which 
the branchial sae is exposed. There are 13 stigmata 
per row in the 3 anterior rows and 12 in the 
posterior rows on the left, and 12 and |l 
respectively on the right. A fine parastigmatic 
vessel crosses each row of stigmata. 

The stomach, about halfway down the abdo- 
men, is short on its right side where the 
oesophageal opening is located, while the left side 
is long and widely curved. The oesophagus bends 
ventrally to open into the stomach. The stomach 
wall has about 16 narrow ridges in its internal 
wall that appear as shallow folds on the surface. 
They extend from around the oesophageal opening 
to the pyloric end, The mid-intestine opens into 
the rectum near the posteriorend ofthe descending 
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Fic. 39, Distaplia australiensis. a, colony (QM GH2288); 
b,c, zooids (QM G9259 GH2158); d, larva (QM 
GH2158). Scales: a, 5mm; b. 0.5mm; e, Imm; d 
0.25mm. 


limb of the gut loop. There is a conspicuous gastro- 
intestinal reservoir suspended about halfway along 
the duct between the stomach and the proximal 
part of the intestine. The specimens from 
Queensland have about 24 stomach folds. 
Gonads are contained in the posterior abdom- 
inal sac connected to thc right side of the posterior 
end of the abdomen by a narrow neck. The testis 
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consists of a barrel-shaped mass of 5 to 6 long 
follicles joined to the vas deferens at the anterior 
cnd. A clump of about 5 ova of various sizes are 
at thc posterior end of the testis. Brewin (1953) 
rccorded specimens collected in September with 
a single early embryo developing in the brood 
pouch attached by a long narrow neck to the 
postero-dorsal part of the thorax just behind the 
atrial opening. Specimens collected in April (QM 
G11871), July (TM D1850) and September (QM 
G10128) had no embryos. Previously recorded 
specimens from Spencer Gulf collected in 
September (Kott 1975) have a single early embryo 
in each brood pouch, but no tailed larvae. 
Specimens taken in May from Spencer Gulf (QM 
GH3288) had up to 3 developing embryos, one 
at an advanced stage, in the brood pouch. 
Specimens from the Calliope River collected in 
October have the characteristic long-necked brood 
pouches and each contains 3 to 5 developing 
embryos. The evidence suggests breeding periods 
in spring and autumn. 

The larva has a long trunk (1.5mm) but the 
tail reaches only halfway along it. There is an 
ocellus and otolith. l'he stout stalks of the adhesive 
organs expand basally. 

RrMAnks: Re-examination of specimens from 
Upper Spencer Gulf and d'Entrecasteaux Channel 
(Brewin 1953 and Kott 1957a, 1975) revealed the 
numbers of stigmata in each row are us reported 
above. Further, the numbers of thoracic muscles 
and stomach folds reported by Kott (1975) for 
thc South Australian material are too low, the 
actual numbers being in the vicinity of 30 and 
16 respectively. The parastigmatic vessels, which 
were overlooked by Brewin (1953), are always 
present. 

Distaplia australiensis is distinguished from all 
other Australian species by its long, double rows 
of zooids radiating from a single, terminal cloacal 
opening comprising a single system in each stalked 
head. Like D. smithi Abbott and Trason, 1968 
from California, it has a number of stalked heads 
joined basally to common test. The Australian 
species has a longitudinally foldcd stomach in 
contrast with the areolated stomach surface in the 
California species. 

Distaplia vallii Herdman, 1886, from the 
Philippines, also has stalked heads arising from 
a common base, each head consisting of a single 
system, with double rows of zooids radiating from 
aterminal common cloaca. It is distinguished from 
D. australiensis principally by the absence of a 
posterior abdomen. The Atlantic species Distaplia 
bursata (Van Name, 1921), which Michaelsen 
(1930) thought to be a synonym of D. stylifera, 
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has a colony and other characters more closely 
resembling the present species, although it has 
shorter stalks and flattcr heads. 

The specimen from the Calliope River. Glad- 
stone differs from those from southern Australian 
locations in the greater number of folds on the 
stomach. On information available the separation 
of the Gladstone population from the southern 
Australian ones is not justified although the reeord 
from such a widely separated location is surprising. 


Distaplia cuscina n.sp. 
(Fig. 40) 
Holozoa vallii: Van Name, 1918, p. 140, 
Distaplia valli; Millar, 1975, p. 227, Kott, 1981, p. 149. 


DISTRIBUTION 

Tver Locarrry: Queensland (Capricorn Group, 
Wistari Reef, rubble fauna, low tide, coll. P. Kott 17.6.85, 
holotype QM GH4381, paratypes QM GH4124). 

FuR HER Recorps: Queensland (Capricorn Group, 
QM GH4120-3 GH4125-6 GH4200). 

PRrviousi y Recon prp: Philippines (Van Name 1918, 
Millar 1975). Fiji (Kott 1981). 

Fijian and Australian records are from intertidal 
locations. Records from the Philippines are from depths 
to 40m. 

DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are soft 
cushions not more than 5mm thick. Zooids, 
opening onto the upper surface of the colony, are 
arranged in circular systems around central cloacal 
apertures, Borders of the cloacal apertures do not 
protrude from the surface of the colony. 

The test is soft in smaller colonies, but spongy 
in larger ones. Living colonies are cloudy rose, 
soft lilac, having a mixture of dark purple, 
lavender and white pigment cells in the test. Zooids 
are white. Freshly preserved colonics, with indigo 
pigments cells in the test, are slatc-blue; subse- 
quently they become light green fading to beige. 

INTERNAL STRUCTURE: Zooids are small, 
usually less than 2mm long, excluding the 
relatively short, fine vascular appendage. About 
20 fine thoracic muscles extend from the endostylc 
and branchial siphon toward the postero-dorsal 
corner of the body. Dorsal muscles curve out into 
the very long atrial tongue before extending 
posteriorly along each side of the atrial aperturc. 
Also longitudinal muscles in the atrial tongue cross 
these dorsal muscles. The tip of the atrial tongue 
has 3 short lobes that insert into the test around 
the cloacal aperture. Branchial lobes are only 
shallow. The usual 4 rows of stigmata are crossed 
by a fine, often inconspicuous parastigmatic vessel. 
Some slight variation occurs in the number of 
stigmata, e.g. 20 to 22 in the three anterior rows 
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on the left, and 18 to 20 in the posterior row. 
On the right there are 18 to 20 in the anterior 
rows, and 16 to 18 in the posterior row. 

The gut loop is vertical, the oesophagus 
relatively long and the more or less elliptical 
stomach, with ahout 16 fine internal striations or 
ridges in its glandular wall, is in the posterior third 
of the abdomen. A distinct rectal valve separatcs 
the rectum from the mid-intestine. A conspicuous 
gastric reservoir is in the gut loop. Mature zooids 
havc a tight circle of 6 to 8 pcar-shaped follicles 
on the right side of the pole of the gut loop. They 
converge to the centre of the circle wherc they 
join the proximal end of the vas deferens. There 
is often a small ovum (just posterior to the 
proximal end of thc vas deferens), and frequently 
it projects from the side of the abdomen. 

Specimens collected from the Capricorn Group 
in March (QM GH4122) and May (QM GH4200) 
have a single cmbryo in each brood pouch 
(attached to the postero-dorsal corner of the 
thorax). 

Larvae have a trunk about l.5mm long. with 
the tail wound three-quarters of the way around 
it. Each of 3 tri-radially arranged adhesive organs 
with stout stalks has a pair of cctodermal ampullae 
near its base. An ocellus and an otolith are in 
the cerebral vesiele. The larval test contains 
pigment particles and looks frothy owing to the 
packed bladder cells. This makes it difficult to 
sec the larval organs. 

Remarks. The soft pink-lilac of this species is 
similar to that of Distaplia violeta n.sp. and the 
two species are readily confused in thc field. 
However, in the latter species both hranchial and 
cloacal apertures are much more conspicuous, the 
colony is thicker and often stalked rather than 
sessile, and it has purple and some brownish or 
yellow pigment particles in the test while the 
present species has purple and lavendar pigment 
only. Zooids of D. violetta arc readily distin- 
guished, being larger, with conspicuous, rclatively 
broad external stomach folds and a posterior 
abdomen containing the gonads. 

The type specimen of Distaplia vallii Herdman, 
1886 is from thc Philippines. It consists of many 
stalked heads arising from a common basal stolon, 
each head consisting of asingle system with double 
rows of zooids converging to a single terminal 
common cloacal aperture. The colony resembles 
that of D. australiensis and is different from the 
colonies of the present species with their several 
circular systems that formerly were assigned to 
D. vallii by Van Name (1918), Millar (1975) and 
Kott (1981). The zooids of Herdman's species are 
distinguished also by their primarily oblique and 
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Fia. 40, Distaplia cuscina n.sp.: a,b, zooids (holotype 
QM GH4381 GH4123); e, larva (QM GH4122). 
Scales: a,b, 0.5mm, c, 0.25mm. 


transverse muscles. The other specimen Herdman 
assigned to D. vallii is from the Mediterranean 
and it appears to be distinct from any of the Pacific 
Ocean species (see Van Name 1918). 

Distaplia tahihuero Monniot and Monniot, 
1987 from Tahiti closely resembles the present 
species both in colour and colony form. The zooids 
of both species are of similar size, have the same 
number of stigmata per row, and the same 
internally ridged stomach. The ovum projects from 
the side of the abdomen in the same way as it 
often does in this and other species of Distaplia. 
There are fewer (3 or 4) testis follicles in D. 
tahiheuro and the larva is smaller than that of 
the present species. 

Kott (1981) suggested the synonymy of Distaplia 
dubia (Oka, 1927c) with the present species. 
However, D. dubia has a stomach with external 
folds that more closely resembles that of D. 
stylifera than the present species. 


Distaplia dubia (Oka, 1927) 

(Fig. 41a. Plate 9b) 
Leptobotrylloides dubium Oka, 1927c, p. 607. 
Distaplia dubia: Tokioka, 1953, p. 206; 1954c, p. 82; 

1967c, p. 240. 
Not Distaplia aff. dubia: Tokioka, 1967c, p. 240. 
Distaplia japonica Tokioka, 1951b, p. 169. 


DISTRIBUTION 

Nrw Recorps: New South Wales (Lord Howe L, 
QM GH52). 

Prrviousty RrcoRprp: Japan (Japan Sea, Seto 
Naiki Sea, Sagami Bay — Oka 1927c, Tokioka 1951b, 
1953, 1954b, 1967c). 


DESCRIPTION 
EXTERNAL APPEARANCE: The colony forms a 
fleshy encrusting sheet. The test has a soft, spongy 
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L7 


Fa. 41, Distaplia dubia: a, zooid (QM GHS2). Distaplia florida n.sp.: b. colony (QM GH4164); c. zooid (holotype 
QM GH4103); d, juvenile vegetative zooid (SAM E2039); e, branchial apertures, obscured by their enlarged 
ventral lobes, surround a lobed common cloacal opening (MV F53292); f, larva (holotype QM GH4103). Scales, 


ue f, 0. 5mm: b: lem: c, Imm: d. 0.25mm. 


consistency. Zooids are in circular systems. In life 
the present specimen was blue-grey with orange 
patches. When first preserved it contained dark 
pigment cells in the surface. especially in the 
vicinity of the zooids. However, long-term 
preservation has left it a dirty beige colour. 
INTERNAL STRUCTURE, The branchial aperture 
has 6 shallow lobes. Three tongue-like projections 
occur on the tip of the long atrial lip. The usual 
fine longitudinal thoracic muscles occur and dorsal 


muscles curve out into the atrial tongue. The 
thorax is about twice the length of the abdomen. 

In the branchial sac 16 stigmata are in the 3 
anterior rows on the left and 14 in the posterior 
row. On the right 14 stigmata are in the anterior 
rows and |2 in the posterior row. Parastigmatic 
vessels were not detected, but it is possible they 
have been lost or are obscured in these contracted 
specimens. The oesophagus is fairly tong and 
curves horizontally to enter the obliquely oriented 
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stomach, which is shorter along its mesial side 
than along its outer curved surface. The stomach 
has 16 fine longitudinal folds. Gonads were not 
detected in this spccimen. lt is probable they 
develop in the gut loop, as a posterior abdominal 
sac is not prcsent and thcre would not bc space 
for one in these relatively thin sheet-like colonies. 

Remarks: Although Lord Howe l. is geogra- 
phically isolated from the Japanese location from 
which this species has been recorded previously, 
the specimen is indistinguishable from the 
Japanese material. Tokioka (1953) described 
specimens from Japan as greyish-brown, or shades 
of pink, or dirty greyish-orange and the newly 
recorded specimen is patterned in grey and orange. 
The Japanese specimens have 15 to 20 stigmata 
per row, 16 fine stomach folds can be observed 
on the outer wall of the stomach, and the test 
is the same consistency as the present species. 

Amongst other species of this genus, its colony 
most resembles D. cuscina n.sp. However, the 
latter species has morc stigmata per row, and 
although its stomach has longitudinal ridges 
internally, externally it is smooth. Disraplia viridis 
from South Australia has similar systems, but is 
distinguished by its more numerous stigmata and 
smooth stomach. Distaplia pallida n.sp. does have 
a folded stomach, but the folds are wider than 
those in the present species and it has more 
complex cloacal systems and fewer stigmata. 

If this Lord Howe !. specimen is correctly 
assigned a much wider range is predicted for this 
species. 


Distaplia florida n.sp. 
(Fig. 4Ib-f. Plate 9c.d) 
DISTRIBUTION 

Typr Locaitry: New South Wales (Julian Rocks 
Bryon Bay, reef, 10m, coll. N. Coleman 30.3.75, holotype 
QM GH4103). 

Furmier RrcoRps: South Australia (Great Austral- 
ian Bight SAM E1999 E2039, QM GH4180 GH4184). 
Tasmania (King 1, MV F53292), 

DESCRIPTION 

EXTERNAL APPEARANCE: Colonies form soft, 
flat cushions about 4cm in diameter and slightly 
less than Icm thick. Zooids are in circular systems 
— in groups of about 8 around each cloacal cavity 
with its central cloacal opening. Cloacal apertures 
are conspicuous, each ona protruding siphon that 
rises from the centre of a depressed area. The 
border of the aperture is divided into lobes into 
which the atrial lips of the zooids are inserted. 
Branchial apertures open around the outer walls 
of the surface depressions. In the preserved 
specimens, ventral lobes of each branchial aperture 


MEMOIRS OF THE QUEENSLAND MUSEUM 


are long and the openings are directed in toward 
the cloacal aperture. Systems are evenly spaced, 
with a small area of zooid free test between them. 
The test has a spongy consistency. The surface 
test over each system is extremely thin, and 
possibly the surface depressions, over the zooids 
and cloacal cavity, are inflated and raised in life. 
Free larvae in the holotype colony beneath the 
surface outside the circles of zooids are probably 
about to be liberated. 

In preservative colonies are grey, beige, or 
pinkish-cyclamen, cloudy throughout and with red 
pigment particles and clouds ol white granules in 
the surface. In life the holotype colony was purple 
and pink (fide N. Coleman). Colonies from South 
Australia were orange or dark red with distinct 
black circles around cloacal apertures (fide S. 
Shepherd QM GH4164) or very pale pink or cream 
(SAM E1999). 

INTERNAL STRUCTURE: Zooids are about 4mm 
long, the thorax and abdomen about cqual length 
when the thorax is relaxed. The branchial aperture 
has 6 lobes. The atrial aperture is wide, with a 
pronounced anterior lip and some asymmetry of 
the opening, depending on the zooid's orientation 
to the cloacal cavity. 

Numerous fine longitudinal and oblique muscle 
bands occur, the most dorsal curving out into the 
atrial lip which is sometimes long and pointed. 
The branchial opening is 6-lobed. On the left are 
24 and 26 long, rectangular stigmata in the 
posterior and each of the 3 anterior rows, 
respectively, On the right are 24 stigmata in the 
anterior 3 rows and 22 in the posterior row. Each 
row is crossed by a parastigmatic vessel. 

The abdomen is narrow, the gut forming a 
vertical loop, The smooth, kidney-shaped, 
yellowish stomach lies vertically in the posterior 
half of the abdomen. The oesophagus is rather 
long and narrow. A short, broad duodenal area 
is separated from the rectum by a slight constric- 
tion in the posterior end of the descending limb 
of the gut loop. Gonads are in the gut loop, 
although neither sex is mature in the type 
specimen. In the buds scattered randomly in the 
test between the adult zooids are well-developed 
testes consisting of a circle of about 12 club-shaped 
follicles converging into the proximal end of the 
vas deferens in the centre of the circle. 

Larvae, one in each brood pouch, are large, 
the trunk being 2.5mm long. The tail is about 
the same length as the trunk and, when curved 
around it, barely reaches the anterior end. In the 
mature larva the oozooid occupies the posterior 
end of the trunk. It has a full complement of 
stigmata with a parastigmatic vessel crossing each 
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row. There is an ocellus and an otolith in the 
cerebral vesicle. Five small buds move progres- 
sively from the oesophageal region of the oozooid, 
ventrally and then dorsally around the left side 
of the middle of the trunk — i.e. around the base 
of the adhesive apparatus that occupies the 
anterior half of the trunk. The adhesive apparatus 
consists of 3 large, anterior stalked adhesive 
organs, 2 dorsal and one ventral, each consisting 
of a central cone of columnar cells rising from 
the base of a relatively shallow epidermal 
concavity. The base of each of the stalks of the 
adhesive organs is expanded into about 7 balloon- 
like elongated ectodermal ampullae. 

Remarks: The species resembles the South 
Australian D. viridis, having similar circular 
systems, zooids with similar body musculature, 
a vertical gut loop with a smooth yellowish, kidney 
shaped stomach, and gonads in the loop of the 
gut. The present species is distinguished by having 
larger zooids with more stigmata in each row, a 
cushion- rather than sheet-like colony and a much 
larger larval trunk with more elaborate adhesive 
apparatus, and it lacks the dark pigmentation of 
D. viridis. Distaplia pallida n.sp. is distinguished 
by its sheet-like colony, its folded and horizontally 
oriented stomach, fewer stigmata, more transpar- 
ent test and small zooids. 

The colonies of D. florida rcsemble those of 
D. tokioka n.sp., as do the circular systems. 
However the latter species has its gonads in a sac 
posterior to the abdomen, while those of the 
present species are in the gut loop. 


Distaplia muriella n.sp. 
(Fig. 42) 
DISTRIBUTION 


Type Locauiry: Western Australia (Blackwall Reach, 
Swan River estuary, 20m muddy bottom, coll. 2.4.60, 
holotype WAM 135.75; Swan River estuary, Rocky Bay, 
at edge of channel, coll. WA Naturalists November 9, 
paratypes WAM 32.75). 

FunrHER Recorps: Western Australia (Swan River, 
WAM 1003.83 17.87; Garden Island). 

Apart from a single specimen recorded from Garden 
Island, just outside the Swan River estuary, the records 
of the species are from within the estuary — where 
apparently it is indigenous. The Swan River estuary in 
the vicinity of the type locality — Blackwall Reach — 
has a deep pocket of salt water that persists through 
the winter beneath the fresh water inundations that occur 
at that time (Spencer 1956). At Rocky Bay, which is 
on the opposite shore from Blackwall Reach, specimens 
have been taken from intertidal and shallow water in 
the summer when the salinity is marine. 


DESCRIPTION 
EXTERNAL APPEARANCE: Colonies are irregu- 
lar. Some small mushroom-shaped, flat-topped, 
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zooid-bearing heads are supported on upright and 
recumbent stalk-like outgrowths of common basal 
test. Some are attached to a large worm tube by 
a thin basal membrane (WAM 135.75). Also large 
areas of the basal test thicken to 0.5cm beneath 
irregularly shaped flat-topped zooid-bearing 
lobes, 5cm in maximum extent. These lobes 
slightly overlap the thickened basal test, and 
sometimes one another, around their periphery. 

Zooids usually are in double rows radiating 
from 2 or 3 common cloacal openings in the centre 
of the flat upper surface of the smaller mushroom- 
like heads. In larger plate-like lobes the number 
of common cloacal apertures increases and they 
become more dispersed over the upper surface. 
Zooids sometimes are arranged in a circle around 
a cloacal aperture although as zooids are added 
to the system, the double rows develop and radiate 
out from the aperture. The test is soft and semi- 
transparent. In preservative colonies are pastel 
pink and blue, both colours occurring in the one 
colony and sometimes in the one lobe, Some 
specimens from Blackwall Beach are muddy grey 
in preservative, owing to the mud content in the 
gut of the zooids. The pigment is in particles in 
the surface test. 

INTERNAL STRUCTURE: The small branchial 
aperture is terminal and is not lobed. The atrial 
aperture is a wide opening with the upper border 
produced into a long pointed lip. About 30 fine 
muscle bands are on the thorax. Dorsal ones 
extend across the dorsal line between the atrial 
and branchial apertures, curving out into the atrial 
lip; others radiate from the branchial aperture; 
and the ventral ones extend from the endostyle 
toward the postero-dorsal corner of the thorax. 
Muscles are present, but are most inconspicuous 
on the abdomen, There are 16 and 14 long 
rectangular stigmata in anterior rows on left and 
right respectively, and 14 and 12 in the posterior 
rows, Fine parastigmatic vesscls are present. 

The long, elliptical, vertically oriented and rigid 
stomach is yellow. It is smooth externally but 
internally it is papillated. Occasionally the 
papillations seem in longitudinal lines appearing 
as fine longitudinal striations. The oesophagus is 
constricted before it enters the stomach. 

Gonads are in the gut loop and consist of a 
rosette of upto 12 testis follicles with a large central 
ovum and up to 2 smaller ones on the right side 
of the gut loop. A long brood pouch is attached 
by a long, narrow neck to the postero-dorsal 
corner of the thorax to the right of the rectum. 
The brood pouch, containing up to six embryos, 
extends toward the base of the colony without 
curving, although its distal tip is bent upwards. 
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Fic. 42, Distaplia muriella n.sp. (holotype WAM 135,75): a, colony; b, zooid; c, larva. Scales: a, 5mm; b, lmm; 


c, 0.5mm. 


Developing embryos and tailed larvae are present 
in the holotype and paratypes from the Swan River 
taken in November. 

Larvae are large, with a long (1.5mm) almost 
cylindrical trunk and a tail only slightly longer. 
There is an otolith and an ocellus in the cerebral 
vesicle. 

Remarks: Colonies resemble most closely those 
of D. australiensis. with double row systems 
radiating from cloacal apertures and extending 
down the sides of thc colony. However, zooids 
differ, those ol the present species having thcir 
gonads in the loop of the gut rather than in a 
posterior abdominal sac. Zooids of thc tropical 


species D. cuscina n.sp. are similar to those of 
the present species, the stomach having the same 
elliptical shape and vertical orientation. although 
in D. cuscina the systems are more consistently 
circular, the number of stigmata in each row is 
greater, the stomach has internal ridges. and thc 
oesophagus is not constricted before it enters the 
stomach. 

Other known species with a smooth stomach 
and gonads enclosed in the abdomen, viz. D. 
regina n.sp., D. florida n.sp. and D. racemosa 
nsp., have circular rather than double row systems 
converging to terminal cloacal apertures, and their 
colonies are cushion-shaped rather than stalked. 
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The constriction at the distal end of the 
oesophagus just before it enters the stomach is 
an unique feature in D. muriella helping to 
distinguish it from all other species. The numerous 
(6) embryos in the brood pouch are an unusual 
feature of thc present species which tt shares with 
D. australiensis (which has [rom one to 5). 
Distaplia violetta n.sp. sometimes has 3 but other 
specics have no more than one. 

Colonies of this species from the Swan River 
estuary in both April and November are in an 
active state — sexual reproduction as well as 
vegetative replication occurring in the same colony 
at these tinies. 


Distaplia pallida n.sp. 
(Fig. 43. Plate 9e) 
Distaplia viridis: Kott, 1972a, p. 7 (part, fig. 6 specimens 
from Hallett Cove). 


DISTRIRL-TION 
Tyre Locatiry. Victoria (Portsea, on jetty pile. 4m, 
coll. N. Coleman 13.3.75, holotype QM GH4102; 2m, 
coll. G. Russ 16,3,78, paratype QM G11923), 
Furiner Recorns. South Australia (St Vincent Gull 
SAM E1998 Kott 1972a; Great Australian Bight 
QM GIH 4189), Victoria (Portsea, QM G11924). 
Tasmania (Tinderbox, QM (9994). 


Description 

EXTERNAL APPEARANCE: The shect-like colo- 
nics are thin (not more than 0.Sem thick) and 
sometimes extensive. growing around rubble. In 
preservative the test is gelatinous and almost 
transparent, and the zooids show through it as 
white dots. Zooids are in circular to oval systems 
of up to 15 zooids. Each system has a cloacal 
aperture at its centre or toward one end. 
Sometimes onc end of an oval system is extended 
into a short, double row, The living specimens 


Fic. 43, Disiaplia. pallida n.sp 3, arrangement of 700ids in system (paratype QM G11923): b. zooid (paratype 
QM G11923): e, larva (SAM L1998). Scales: a, 2mm: b.c, (0, 5mm. 


ure a pale to brighi yellow and orange (QM 
GH4189), or the zaoids are orange in a transparent 
test (SAM E1998). 

INTERNAL Strucrori: Zooids with # eon- 
tracted thorax are up to 3mm long, but usually 
are smaller, Abnut 20 fine longitudinal and oblique 
Touscles are present on the thorax, There are 6 
small branehial lobes. The atrial aperture is the 
usual wide asymmetrical opening. It has a long 
antertor lip with 3 or 4 pointed or rounded tooth- 
like projections along its Nat-ended outer tip, 
which is often oblique and asymmetrieal rather 
than slraiglit, corresponding tu the asymmetry of 
the opening itself, Muscles extend from the 
hranehial aperture along the centre of the atrial 
lip, crossing the dorsal museles that eurve nut into 
the lip. 

On the lel! are 10 und 12 stigmata in the 
posterior and eneh af the three anterior rows ol 
slizniala respectively, and on the right the numbers 
are 10 in the anterior rows aad 8 in the postector 
row. Each row is crossed by a parastigrnatic vessel 

About halfway down, the ecsophagus makes 
an abrupt, right angled bend toward the ventral 
surface to enter the stomach. which is short ond 
almast barrel-shaped and lies ut right angles ta 
the longitudinal axis of the zaoid.. The stomach 
has nbout 12 deep, rounded lolds at its cardiae 
end. (hese fade out at the pyloric end. where the 
stomaeh narrows. The duodenal region ol the gut 
turns posteriorly. at right angles to the long axis 
of the stomueh. The mid-intestine occupies the 
distal part of the descending limh of the gut lonp 
before narruwing slightly ta open into the rectum 
where, in some specimens with an empty gut, a 
rectal valve ean be seen. Thus the put loop frames 
an almost reetangular area in the lower hall ol 
the abdomen. Gonads are in the gut loop and 
consist ol a cirele ol male fullieles and a single 
cee. 

Gonads are mature in specimens collected from 
South Australia in Deeember (SAM E1998). but 
not in any of the colonies colleeted in March or 
April "here are vegetative buds in the test 
amongst the adult zoids. but no gonads were 
observed in these small vegetative individuals, 

Onc tailed larva is present in each brood pouch 
in calonies collected from St Vincent Gulf in 
December (SAM F1998). Ihe trunk is almost 
spherical, |.4Smm long with a short tail extending 
only about one-third of the way around the 
circumference of the trunk, The 3 triradially 
arranged, almost sessile adhesive organs are on 
a frontal plate. Four rows of stigmata are present, 
together with oeellus, otolith and a well developed 
put loop. 
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Remarks. In preservative. these investing 
colonies can be nustakeu for the sympatne D. 
viridis or D. tokioka nsp. Distaplia pallida is 
distinguished from D. viridis by its smaller zooids 
with fewer stigmata. larger und more yaciable 
systems, the right-angled bend in the oesophagus, 
deeply falded stomach. inore transparent and less 
spangy test, and pigmentation ol the living eolony. 
Distapha tokloka nsp. has similar colonies but 
its gonads are in a posterior abdomen. 

The zooids of D. dubia (Oka, 1927c) Iram Japan 
and Lord Howe 1. (sce above, D. dubio) most 
closely resemble those ol the present species, but 
they have more numerous stomach folds, more 
stigmata and l'orm more regularly circular systems, 

Distaplia euseina n.sp. has more stigmata than 
the present species, does not form such extensive 
sheet-like colonies, and has simple, eircular cloaeal 
systems and a vertically oriented stomach with 
eonspieuous internal ridges. 

Distaplia pallida resembles /[vpsistozog disto- 
moides and the New Zealand H. fasmeriana — 
both species having deep rounded stomach lolds, 
a horizontally oriented stomach, and similar 
numbers ol stigmata, However, //rpsistozoa spp. 
have stalked or upright colonies, never shect-like 
ones like those of D, pallida, and they have 
conspicuous longitudinal muscles on the posterior 
ahdominal vaseular appendix, as well as gonads 
posterior to the put loop. 


Distaplia prolifera n.sp. 
(Fig. 443.5) 

Distkine thon 

Tyer Locarirv: Western Australia (10 nautical mls 
NW Pon Hedland, UHIN ttx”’25°L, 13m, coll, L. 
Marsh on RV Sortu 5.8.52, holotype WAM 812.83 QA! 
GH2103). 

FokiHte Reruns None. 


DisckirttoN 

Exess ArrrARANCI: The single available 
colony is large and irregular, completely investing 
a large branching algal stalk. lis maximum 
dimension is l5cm and its maximum thickness is 
lem. [he test is tough and spongy. In preservative 
it is pink, owing to pink pigment partieles 
embedded in the surface test. Zooids arc in circular 
tO oval systems, and in the preserved ealames the 
surface test is slightly depressed over the systems. 

Iii Nal Struct Zooids arc large, being 
about 4mm long, even with the thorax eontraeted 
They have a long oesophageal neck that is more 
than hall the length of the abdomen. Gonads are 
iN a sac posterior to the abdomen. attached to 
the right side of the gut loop by a narrow neck 
About 34 fine longitudinal museles are on the 
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Fic. 44, Distaplia prolifera n.sp. (holotype WAM 812.83): a, zooid; b, larva. Distaplia racemasa n.sp. (holotype 
NTM E9}; e, zooid; d, larva. Distaplia regina n.sp. (holotype QM GH4201): e, 7ooid. Scales: a-e, 0.5mm. 


thorax, including those that cross the dorsal mid- 
line hetween the apertures and continue around 
the atrial aperture. The branchial aperture is 6- 
lobed. Sometimes the atrial aperture is wide open 
exposing the dorsal part of the branchial sac, but 
sometimes it is produced out on the end of a 
siphon. There is only a short pointed lip from 


the upper border of the atrial opening. On the 
left 18 stigmata are in each of the 3 anterior rows 
and 16 in the posterior row. On the right 16 
stigmata are in the anterior 3 rows and [4 in the 
posterior row. A parastigmatic vessel crosses each 
row of stigmata. 

The stomach is in the posterior third of thc 


124 


abdomen. The distal end of the oesophagus turns 
slightly toward the ventral surface before entcring 
the stomach and the oval stomach is itself slightly 
obliquely oriented. The stomach is not folded, 
although its internal wall has about 20 fine 
longitudinal striations in its glandular lining. The 
mid-intestinc opens into the rectum in the pole 
of the gut loop and there is a distinct rectal valve. 
A long elliptical gastric reservoir lies in the gut 
loop. 

Four long testis follicles are in the posterior 
abdomen. They are longitudinally oriented, 
opening into the vas deferens at their posterior 
ends. À small ovum is also present at the posterior 
end of the abdomen near the proximal end of 
the vas deferens. In this holotype colony, collected 
in August, there is a single well-developed embryo 
in each brood pouch. The brood pouches are 
present in the test behind the zooids, attached to 
the thorax by a long narrow neck, often hard to 
distinguish in the rather tough test. 

Larvae are large, the oval trunk being 2.2mm 
long. The tail is relatively short, reaching only 
to the anterior end of the trunk. There is an otolith 
and an ocellus in the cerebral vesicle. The large 
adhesive organs occupy the anterior third of the 
trunk. Each adhesive organ has a single large 
balloon-like expansion at the base of its stalk. 
There are two small buds from the oesophageal 
region of thc oozooid. 

Remarks: Although Distaplia pallida n.sp. also 
has an investing colony and zooids arranged in 
circular to oval systems, it is distinguished from 
the prcsent species by the absence of a posterior 
abdominul sac — its gonads being enclosed in the 
gut loop. Distaplia tokioka n.sp. has investing 
colonies and gonads in a posterior abdominal sac 
like those of the present species but its stomach 
wall is folded. Other spccics with their gonads in 
a posterior abdominal sac form stalked colonies 
that are readily distinguished from the present 
investing species. Further, both zooids and larvae 
of D. violetta n.sp. and D. stylifera are smaller 
than those of D. prolifera n.sp. 


Distaplia racemosa n.sp. 
(Fig. 44c.d) 

DISTRIBUTION 

Type LocAt8Iry: Northern Territory (Arafura Sea, 
Cootamundra Shoals, 10?49'49,966'S 129° 12’54.876’E, 
36m, coll. R. Lockyer 6.5.82, holotype NTM E9 QM 
GH4366). 

Furtuer Recorps: None. 


DeEscRiPiiON 
Exttrnai. APPEARANCE: The colony is invest- 
ing, growing around a narrow woody stem. It is 
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long. The edges have partially joined together 
along one side so it appears to be a cylinder of 
about 2cm diameter. Thus the species will 
probably be found as a flat, investing sheet when 
taken from other substrates. There are regular 
circular systems of about 6 zooids. The systems 
are evenly spaced, thc cloacal apertures being 
about lcm apart. In the preserved specimen the 
surface of the colony is depressed over each system. 

The colony is firm, owing to the thick (0.5cm) 
gelatinous and translucent but firm outer layer 
of test at thoracic level. The inner test around 
and posterior to the abdomen is soft, spongy and 
almost opaque, containing the posterior abdom- 
inal stolons and developing vegetative zooids. The 
outer translucent layer of test is palc pink in 
preservative. The soft inner layer is white. 

INTERNAL Structure: Zooids are about 6mm 
long. The body wall has conspicuous fine 
horizontal muscle bands crossing thc sides of the 
body from the endostyle. Short longitudinal bands 
radiate from the branchial aperture over the 
anterior end of the thorax to the level of the second 
row of stigmata. The branchial siphon is short 
and its border is divided into 6 shallow lobes. The 
large anterior atrial lip has 3 fine projecting 
tongues along its terminal edge. This lip is inserted 
into the test around the cloacal aperture. There 
are 4 rows of long stigmata, 26 in the anterior 
3 rows and 24 in the posterior row. Each row 
is crossed by a fine parastigmatic vessel. The 
oesophagus is long and narrow. The relatively 
short, smooth-walled and slightly obliquely 
oriented stomach is about halfway down the 
abdomen. There is a small oval posterior stomach. 
The gut loop encloses a spherical mass of short, 
only slightly pyriform testis follicles. A single 
ovum is present on thc right sidc of the testis at 
the base of the vas deferens. 

Embryos and tailed larvae are present in the 
test at oesophageal level, the stalk of the brood 
pouch being relatively short, Only a single embryo 
develops in each brood pouch. Larvae have a trunk 
1.8mm long and a relatively short tail reaching 
about halfway around the trunk. They have an 
ocellus and a small otolith. The triradially 
arranged adhesive organs have short stalks that 
are not expanded at their base. 

Remarks: Only the holotype colony is avail- 
able. Its size and its well-separatcd and evenly 
distributed circular systems are distinctive, as is 
the outer firm gelatinous layer of test that is of 
entirely different consistency from the basal test. 
The zooids with their predominantly transverse 
musculature most closely resemble those of the 
Japanese D. systematica Tokioka, 1958 (described 
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Irom a single colony) and the possibly conspecific 
specimen tram Toegl (specimen 2.iti.1922) 
assigned to J). stedifera by Millar (1975). l'okioka'N 
(1958) specimen had no gonads. The testis in the 
calony trom Toeal is nat the same spherical mass 
of crowded male follicles as that l'ound in the 
present spceics. Further, both Japanese and Toeul 
material consist of separate stalked lobes, arising 
Irom a common hase, each lobe containing a single 
«ircular system. Although it is possible these 
colonics are juveniles, and cach lobe could develop 
to accommodate numerous circular systems (us 
in the present species). the growth pattern. in which 
additional lobes are added to the colony, appears 
different from the shect-likc D. racemosa. 

The circular systems and the zovids of the 
present species resemble those of D. viridis, 
although the longitudinal thoracic muscles arc 
more conspicuous in the latter spceics and it has 
more stigmata, 

The relatively numerous branchial stigmata and 
the sheet-like lorm af the colony are characters 
sharcd with the temperate spcetcs D. florida 
which, however, has more crowded circular 
systems and larvae with numerous ectodermal 
ampullae at the anterior end of the trunk, The 
relatively large larvae of the present species, 
without expansions at the base ol the adhesive 
organs, ure characteristic. 


Distaplia regina n.sp. 
(Fig. 44e) 
Disitinu IRIN 
Tyr Locajary Queensland (Heron. b, Capricoin 
Group, low tide, under side of rubble. coll. P. Kou 
25.5.87, holotype QM G H4201; paratype QM GH4202). 
Furrucr Rrearps: None. 


Deseriprions 

Pxrrenar Avenananct: Colonies are soft and 
irregular cushions 2 to 3cm in maximum diameter 
and less than 5mm thick. Zooids are arranged in 
circular syslems around sessile cloacal apertures. 
Living colonies arc dark purple with clouds of 
white particles in the surlace test. ‘These aie 
concentrated over the atrial lips to [orm a white 
patch in the eentre of each system in the vicinity 
of the cloacal aperture. Immediately on fixation 
with formalin the colour of the colony changcs 
to, and remains, eloudy pink. Dark red-brown 
pigment cells were in the test after a period in 
preservative. The test has the spongy consistency 
of so many spccies of this genus. 

INrERNAI STRUCTURI: Zooids are about 3mm 
long when contracted, They are almost opaque 
in preservative, with a greenish translucent 
slomach and proximal part (descending limb) of 
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the mestine. There are 6 painted branchial lobes. 
The atrial opening is large with a long onierior 
lip and 3 tongues on its outer tip. About I5 
longitudinal thoracic muscles extend Irom the 
branchial siphon. Other fine muscles cross the mut- 
line dorsal to the branchial siphon, some curving 
Out into tne atrial lip and then continuing down 
each side of the atrial aperture. No oblique or 
transverse muscles uriginating from the ventral 
mid-line were observed in these zooids, 

The stigmata are moderately long and rectau- 
gular, but no parastiemautic vessels were detected 
in these specimens. On the right side of the 
branchial sac sre 20 stigmata in cach of the 3 
anterior sows and 18 in the posterior row; and 
on the left 18 in each of the anterior rows and 
16 in the posterior row, 

The abdomen is relanvely large. the gut being 
especially voluminous. [he large stomach is about 
hallway down the abdomen, more or less verucally 
oriented in the vertical gut loop. It is spherical 
or slightly ohlong, Externally its wall is smouth 
but internally the glandular epithelium is raised 
in short ridges or papillae to [orm a reticular 
pattern when seen from the outside. The short 
ridges are oblique or transverse, seldom longitud- 
inal. A short duodenal area narrows belore it 
enters the rectum, where there is a distinct rectal 
valve. The gut loop encloses a eirele of about § 
club- to wedge-shisped testis follicles. These join 
the vas deferens in the centre ol the circle. A single 
egg is sometimes present near the proxinial end 
of the vas deferens, H projects slightly from the 
side of the abdomen. There is a rudimentary brood 
pouch altached by à narrow neck to the postero- 
dorsal corner of the thorax just to the right of 
the mid-line. Na embryus were being brooded in 
either the holotype or paratype colony. 

Rrmarss Although the soft. cushion-like 
colony. the systems, and the numbers of stigmata 
present in this species resemble those of D. cuscina 
nspa zooids are larger and the gut, especially the 
almost spherical, roomy stomach with its unique 
internal pattern and greenish translueent colour. 
are distinctive. Distaplia vezoensis Vokinka, 
19513, irom Japan, lias both colony and sooids 
(including the reticular pattern in the internal 
stomach lining) that resemble those of the present 
species, The Japanese species has fewer stiemita 
(12 ta 13) and n has conspicuous párastigmatic 
vessels. It uppcars ta be a separate species, 


Distaplia retinaculata n.sp. 


Disik inr ro (Fig. 45) 


"Tyra Lovaina Vieona (15km. oli MeGmnan’'s 
Beach, Ninety Mile Beach, reef 15m coll, EE, Walsari 


R7F;R8 1977, holotype MV F53267 QA GH34127; R3F; 
44 paratype MV F53268). 


DESCRIPTION 


EXTERNAL APPEARANCE: Colonies are soft. 


fleshy, cylindrical and rope-like, up to lcm in 
diameter. In all recorded specimens much of the 
surface of the colony appears to be disintegrating, 
and systems are disrupted. However, there are 
entire areas where zooids are in crowded circular 
systems of about 12 around large common cloacal 
apertures up to 2mm in diameter. Some dark grey 
pigment particles are present in the surface test 
of the preserved colonies. The soft centre of the 
cylindrical colony is filled with 3 tangle of fine 
vascular processes. 

InteRNAL Structure: Zoolds are about 4mm 
long. The branchial aperture is 6-lobed. The atrial 
aperture is wide with a pronounced lip [rom its 
upper border. The free terminal border of the atrial 
lip is divided into 3 or 4 small tongues. Longi- 
tudinal and oblique muscles are on the thorax, 
and fine fibres exiend along each stde of the 
abdomen, The branchial sac has 20 stigmata in 
the anterior rows and [8 in the posterior row, 
A fine parastigmatic vessel extends across each 
row ol stigmata. 

The oesophageal neck is rather long, being more 
than half the length of the abdomen. There is uo 
posterior abdominal sac. The vertical, oval 
stomach. in the anterior half of the posterior third 
of the abdomen, is smooth externally. tnternally 
it has numerous fine and mostly longitudinal 
striations in its glandular wall. A short, broad mid- 
intestine posterior to the stomach opens into the 
wider rectum. The proximal part of the rectum 
curves around to form the pole of the gut loup. 
Gonads, consisting of a circular to hemispherical 
mass of about 10 pear-shaped male follicles and 
a large ovum are present just to the right of the 
posterior end of the gut loop. The vas deferens 
makes a loop over the surface of the ovum. Gonads 
are present in the vegetatively produced zooids, 
which are present in the test between the adult 
zooids. In these vegetative zooids the ovum 
protrudes from the side of the abdomen and is 
connected to it by a narrow stalk, Large yellowish 
embryos(?) lie free in the test in the centre of thc 
colony. They do not appear to bc in a brood pouch 
and probably rupture from the abdomen into the 
test, presumably after fertilisation. 

In most of the zooids there are two vascular 
processes from the Icft side of the gut loop. 

Remarks This species most closely resemble 
Distaplia cylindrica (Lesson) from the Antarctic 
(sec Kott 1969) which also often is found in a 
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similar disintegrated condition. The Antarctic 
species has more numerous stigmata in the 
branchial sac and distinct ridges in the stomach 
wall. Although it has not been reported for the 
present specics, it is possible that the long 
cylindrical zooid-bearing heads break away from 
the substrate and float near the surface of the sea 
asthe Antarctic species is known to do (Kott 1969). 

Although their colonies are distinctive, thc 
zooids of the present species most resemble those 
of D. viridis which also have a smooth stomach, 
the same numbers of stigmata, similar circular 
systems and an ovum projecting in a sack Irom 
the side of the gut loop in small vegetatively 
produced zooids. 

The brooding of the embryos in the test, and 
their release directly from the abdomen is a 
phenomenon associated with large eggs. It always 
occurs in the Didemnidae and in the genera 
Hypodistoma and Polydistoma n.gen. tt is not 
known to occur in any other species of Distaplia. 
The larva is not known for this species. 


Fio, 45. Distaplia retinaculata n.sp. (holotype MV 
F53267): a, zooid; b. abdomen vl vegetative sooid 
with precocious gonads. Scales: a, Imm; b. 0.25mm. 
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Distaplia stylifera (Kowalevsky, 1874) 
(Fig. 46. Plate 9f.g) 


Didemnium stylifera Kowalevsky, 1874, p. 443, 

Distaplia stylifera; Michaelsen, 1930, p. 502. Brewin, 
1953, p. 60. Kott, 1957a, p. 95; 1972b. p. 170. Millar. 
1963a, p. 713: ? 1975, p. 224 (part, ZMC, 19.iv.1922 
from Toeal), ? Monniot, 1988, p. 197, 

Distaplia magnilarva: Seeliger, 1907, p. 1018, 

Distaplia mikropnoa; Hartmeyer, 1919, p, 130. Tokioka, 
19552, p. 51; 1967a, p. 130, 


DISTRIBUTION 

Nrw Rrcogps: Western Australia (Houtman's 
Abrolhos, WAM 808.83; Shark Bay, WAM 809 11.83; 
Triggs 1., WAM 33.72 14 5.84: Cockburn Sound, WAM 
40.72 69.75 140.75 142.75 207.75 22,84), South Australia 
(Great Australian Bight, QM GH943 GH970 GH2292 
GH2302 GH2407). Queensland (Hervey Bay, QM 
GH4129; Wistari Reef, QM GH4132; Heron 1., QM 
GH4203). 

Prrviousty Rrcogpbrp: Western Australia (Broome, 
Roebuck Bay Millar 1963a, Cape .laubert 
Hartmeyer 1919; Shark Bay Michaelsen 1930; 
Cockburn Sound Brewin 1953, AM YII80 YII85 
Kott 1957a, Millar 1963a). South Australia (Great 
Australia Bight SAM E1997 Kott 1972b). Palau Is 
(Tokioka 1955b, 19672), ? Philippines (Millar 1975). Red 
Sea (Kowalevsky 1874). 

It is surprising that with such a wide range the species 
has been recorded only twice from thc eastern coast 
of Australia, and not at all from the western Pacific 
Ocean, The Queensland records are of a specimen cast 
up after a stiff northerly gale (fide G. McKoen, QM 
GH4129) and two orange-vermilion (Ridgeway 1886) 
colonies from the Capricorn Group (QM GH4132 
GH4203). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are 
mushroom- or toadstool-shaped, the zooid 
bearing head being rounded to conical and the 
stalk short and fleshy. Sometimes a numher (up 
to 6) of heads branch off the top of a common 
stalk or they arise from a common basal mass 
of test. The stalk is often cylindrical and the base 
of the zooid-bearing head may overlap it. In other 
colonics the stalk expands at the top and its 
junction with the head is not sharply defined, The 
700ids are arranged in circular, oval and long 
radiating double row systems all over the head. 
The common cloacal apertures have 5 or 6 lobes, 
The test is firm and of a spongy consistency. 

Living colonies are pink-red, orange vermilion 
(Ridgeway 1886) or beige with golden zooids. The 
colony cast up on the Queensland coast is reported 
to have been a rich orange. In preservativc all 
colonies are the same beige colour, although 
sometimes a trace of red pigment is prescnt in 
parts of the 700ids. 
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INIERNAL StructurE Zooids are about 3mm 
long. excluding the posterior ahdominal sac that 
contains the gonads, The branchial apertures are 
6-lobed. The atrial apertures arc wide with an 
anterior lip that is pointed or flattened with 2 to 
5 small teeth projecting from its terminal horder. 
There are ahout 30 longitudinal and ohlique 
thoracic muscles, and morc variation in the 
number of stigmata in each row than is usual in 
this genus. In specimens from Western Australia, 
South Australia and Qucensland, respectively, the 
maximum number (in the left antcrior rows) is 
18, 16 and l4. There are, as usual, 2 stigmata 
less in the posterior rows than in the anterior rows; 
and 2 more in rows on the left than in corres- 
ponding rows on the right, Parastigmatic vessels 
were not detected in any of the specimens except 
the one from Hervey Bay (QM GH4129). 

The oesophagus bends ventrally to enter the 
shield-shaped stomach which has a long curved 
ventral border and a much shorter dorsal horder. 
The stomach has 16 to 20 distinct curved, 
longitudinal folds, some of which branch. A large 
oval gastric reservoir lies in the gut loop. The mid- 
intestine is separated from the rectum by a distinct 
rectal valve, 

Gonads are present in a small sac behind the 
ahdomcn, although it does not always have a 
particulary narrow neck separating it from thc 
abdomen. The testis consists of a grape-like cluster 
of up to I5 pear-shaped follicles. Often a large 
ovum lies alongside the testis. The vas deferens 
extends over the surface of the ovum in a 
convoluted course. In one Queensland specimen 
(QM GH4203) there are only 6 wedge shaped male 
follicles crowded together in a circle. In this 
specimen the posterior abdomen is conncctcd to 
the left side of the abdomen by only a short neck. 
This specimen and some from north western 
Australia (WAM 977 8,83) have the triangular 
hody that was descrihed hy Tokioka (1967a) 
alongside the ascending limb of the gut loop. It 
is yellowish and translucent. It does not appear 
to be part of the gastric gland, as Tokioka 
suggested. 

A single embryo is in the relativcly short-necked 
brood pouch in specimens collected from Western 
Australia in January (WAM 22,84), April (WAM 
809.83) and December (WAM 140.75). However. 
other specimeus collected in those and other 
months from hoth Western Australia and South 
Australia do not have embryos. 

Larvae have an almost spherical trunk, 1.2mm 


long and only slightly longer than deep. The whole 
stalk of each adhesive organ appears expanded 
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Fic. 46, Distaplia stylifera: a-e, colonies (QM GH2407, WAM 810.83 808.83); de, zooids (WAM 808.83, QM 
GH2292); f, larva (WAM 810.83). Scales: a, 5mm; b,c, lcm; d-f, 0.5mm. 


IHE AUSTRALIAN ASCIDIACEA 2 


into a balloon-shape. There is an ocellus und an 
otolith in the cerebral vesicle, 

Remarxs- Michaelsen (1930) believed that D. 
hursata (Van Name. 1921) from the West Indies 
was a synonym of D. stylifera from the Red Sea 
and north-western Australia, and other authors 
have followed him in this. Although the colanies 
and even the pigmentation as well as some 
characteristics of the zooids including the numbers 
of stigmata are identical, the West Indian species 
has a narrow-necked posterior-abdominal sac 
containing only 6 long testis follicles that more 
closely resemble those of D. australiensis than the 
usually numerous, shorter follicles of the present 
Species. 

Some ol the specimens trom the Philippines 
(ZMC 19.iv,1922) with stalked colonies, circular 
systems and bunched testis follicles that were 
referred tà. D. stvlifera by Millar (1975) probably 
do belong to this species, although other specimens 
have the parastigmalic vesscl&, several embryos 
in the brood pouch and the longer larval trunk 
af D. violeta n.sp. Specimens from New Cale- 
donia assigned to D. stylifera by Monniot (1988) 
may also belong to D, violeria n.sp. They havc 
parastigmatic vessels, few male follicles, circular 
systems and are grey-green (in preservative?). 

Tokioka (1955b, 19672) used the absence ol 
parastigmatic vessels to distinguish D. mikropnoa 
GSluiter, 1909) from D. stylifera: However, 
parastigmatic vessels were not recorded in the type 
ol D. stylifera (rom the Red Sea and as the species 
has not been taken since from that location it is 
not possible to confirm their absence. Parasiig- 
matic vessels are not present in specimens assigned 
to both D. sivlifera and D. mikropnoa trom 
Western Australia, Indonesia and the Palau Is (see 
Sluiter 1909, Hartmeyer 1919, Michaelsen 1930 
and Tokioka 1955b, 19672). In specimens assigned 
to both species (sec synonymy, above) the male 
follicles usually are numerous, short, pear-shaped 
and bunched together, although in some specimens 
(like those described by Michaelsen 1930) there 
are as few as 6 relatively large wedge-shaped 
follicles crowded together in a ring (sec also QM 
GH4203). Thus, neither the presence nor absence 
of parastigmatic vessels nor the number of male 
follicles afford a means of distinguishing between 
D, mikropnoa and D. stylifera. 

In fact, most of the specimens assigned to /), 
mikropnoa appear to be conspecific with D. 
sivlifera, Distaplia mikropnoa (> Polyclinum 
mikropnous Sluiter, 1909) appears a distinct 
species separated from J, stylifera by ús colony 
form, long oval stomach oriented in the longi- 
tudinal axis of the body, and branching network 
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of stomach folds. The type specimen is a large 
sponge-like mass 4em wide. Gem long and up to 
mm thick different from the stalked upright 
colonies that characterise D, siplifera. 

Some of the larger colonies resemble (hose ni 
Hypyistozoa disiomoides which also has a thick. 
fleshy stalk. In the absence of the characteristically 
located gonads, M. dixtomoides can be distin- 
guished by the conspicuous muscles On its vascular 
process and its less numerous stomach folds. The 
convoluted course of the proximal part of the vas 
deferens in the present specimens is similar to that 
in 2. retinaculata nsp. 


Distaplia tokioka n.sp. 
(Fig. 47a,h) 
DisrRIRU TION 
Tyr baca South Australia (Great Australian 
Bight, Price |., Avoid Bay, 15 20m, coll, N. Holmes 
9.4.87, holotype SAM F208), paratypes GH4179), 


DESCRIPTION 

Exienar Arerarancy The type material 
consists of numerous sessile, irregularly shaped 
cushion-like colonies, up to Smm thick and 6cm 
in maximum dimension, investing weed stalks and 
fronds. Zooids are arranged in circular systems 
Common cloacal apertures. about 5mm apart. 
protrude from ihe surface as rounded prominen- 
ces. their borders entire, and not divided into lobes. 
The test is firm, with the usual spongy consistency 
of most species of this genus. 

In rriNAL SrRuciiRE Contracted sooids are 
about 2mm long excluding the posterior ubdom- 
inal sac which is connected to the abdomen by 
a short bul narrow neck, There are 6 well delined 
triangular branchial lobes. The atrial aperture has 
the usual large anterior lip with 2 or 3 pointed 
terminal processes, Thoracic muscles are conspic- 
uous, and appear all longitudinal, about 20 
extending from around the branchial siphon, and 
additional bands curving out into the atrial lip 
and down along each side of the aperture. The 
branchial sphincter is well developed, 

On the right are 16 stigmata in the anterior 3 
rows and [4 in the posterior row, and on the lelt 
[4 and 12 respectively. Parastigmatic vessels are 
present. The oesophagus bends ventrally to enter 
the almost horizontal and rather long stomach, 
which has about 12 longitudinal folds in its wall 
^ conspicuous spherical gastric reservoir lies in 
the rather wide gut loop. 

Gonads are not mature in these specimens 
However, some zooids haye small, tear-drop- 
shaped posterior abdumina, attached by a 
relatively long narrow neck. lo the right side ol 
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the abdomen. They contain small, pear-shaped 
testis follicles. 

Ri marks: Externally, this species resemhles D. 
viridis and Distaplia pallida n.sp. Although the 
individual colonies are not as cxtcnsive, their shape 
may be affected by the substrate, in this case weed 
lronds and stalks, Further. the geographic range 
of both D. viridis and D. pallida ineludes the type 
locality of the present species. However, although 
D. pallida has a similar numher of gastrie folds, 
it is readily distinguished by the presence ol the 
gonads in the abdomen rather than in a posterior 
ahdominal sae. Distaplia viridis has similar 
circular systems and conspicuous protruding 
cloacal apertures, but also has gonads in the 
abdomen rather than in a posterior abdominal 
sac, and it has more stigmata and lacks stomach 
folds. 

Amongst the species that do havc a posterior 
ahdominal sac, the tropical Distaplia violetta n.sp. 
resembles the present species in its cireular systems 
and numher of stomach folds. However, it has 
thicker colonics, conspicuously lohed cloacal 
aperturcs and more numerous stigmata. 

Distaplia stylifera, with similar short. male 
follicles bunched in the posterior abdomen, and 
olten simple eireular svstems as in the present 
speeies, has more numerous stigmata and stomach 
folds, and lacks parastigmatic vessels. Further 
although there are many paratype colonies ol the 
present new species, not one of them has the stalk 
that usually is characteristic of D. stiifera. 
Distaplia prolifera has a smooth stomach with 
longitudinal striations internally and only 4 long 
male Tollicles, 


Distaplia violetta n.sp. 
(Fig. 47c-e) 

7 Distaplia sivlifera: Millar, 1975, p. 224 (part, specimens 

ZMC 17 22.ii.1914). Monniot. I988, p. 197. 
Dis tRIBU LION 

Fyri Loc wiry Queensland (Capricorn Group. 
Wistari Reef, low tide rubble fauna, coll. P.K. 5.8.82, 
holotype QM GH 358; Heron I coll. P.K. May 1985, 
paratypes QM GH4130, May 1987, QM GH4204). 

Fuginrg Reeorbs, Queensland (Capricorn Group. 
QM GH4131 GH4133 GH4135 7 GH4205 9 GH4439; 
Townsville, QM GH4138). ? Philippines (Millar 1975). 
? New Caledonia (Monniot [988). 


Description 

Extrrnar Abrrarancr: Colonies are small. 
sessile flat-topped platforms about lem high. with 
thick basal test, and with the wide, flat, upper 
surface narrowing toward the base and sometimes 
forming a short fleshy stalk. Zooids are in circular 
systems around conspicuous projecting cloacal 
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apertures with 5-lobed rims. Each system is about 
4mm in diameter. Zooids are always vertical and 
parallel to one another, opening only on the top 
and never on the sides ol a colony. The test has 
a spongy consistency. 

The colour of the living colonies results from 
mixtures of dark ‘pansy purple’ (Ridgeway 1886) 
pigment cells with clouds of opaque white particles 
in the surface test. Sometimes some yellow or 
brown pigment is also in the centre of the cloacal 
systems, Thus resulting colours vary. being flesh- 
coloured, bluc, mauve with pink, plum coloured 
test with pink zooids. In preservative, colonies are 
green, with indigo blue pigment cells in the surface 
test and green in the remainder of thc test. 

INiERNAL Structure: Zooids are less than 
3mm long. excluding the posterior abdominal sac 
which is joined to the right side ol the posterior 
end ol the abdomen by a fairly long, narrow neck. 
The thorax is longer than the abdomen. The 
branchial lobes are large and triangular, those on 
the ventral part of the opening projeeting in front 
of the dorsal ones. The atrial aperture is the usual 
wide opening, although it is sometimes produced 
forwards into a funnel-shaped siphon protecting 
the branchial sae from direct exposurc to the 
cloacal cavity. A pointed lip is produced from the 
anterior rim of the atrial aperture. There are about 
20 fine longitudinal muscle bands on the thorax 

some extending across thc dorsal mid-linc 
between the apertures and curving out into the 
atrial lip. On the left are 20 stigmata in each of 
the anterior 3 rows and 18 in the posterior row; 
on the right, are 18 and 16 respectively. Paras- 
tigmatie vessels are present. 

The oesophagus bends ventrally to enter the 
eurved stomaeh about halfway down the abdo- 
men. The stomach has 8 to 12 folds that flatten 
out toward the pyloric end. wherc thc diameter 
of the stomach decreases. These are true stomach 
folds rather than internal ridges, as the whole 
stomach wall is folded. There is a short, narrow 
mid-intestine and a distinct reetal valve where the 
intestine opens into the rectum in the pole of the 
gut loop. 

A tight group of 4 to 6 rclatively short, wedge- 
shaped male follicles is in the posterior abdominal 
sae. Three small ova are often at the outer end 
of the male follicles where they join the vas 
deferens. A single, well-formed emhryo is present 
in the long-necked brood pouches of some of the 
speeimens collected in May (QM GH4208). 
August (QM GH1358 GH4439) and November 
(QM GH4137) from the Capricorn Group. In one 
colony up to 2 large eggs were in each brood pouch, 
as well as a well advanced larva. No embryos were 
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Fig. 47. Distaplia tokiaka nsp. (paratype QM GH4179): a, colony: b. 7ooid. Distaplia violetta nap. (holotype 
QM GH1358): e, colony; d. zooid: e. larva, Scales; a, Smm; be, 0.5mm; e. 4mm; d, 0.5mm. 
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present in January or June. The length of neck 
of the brood pouch is variable. Sometimes brood 
pouches arc neat the base af the colony, suspended 
from the posterior part of the thorax by long. 
narrow necks, 


The larval trunk is 1.6mm long. and the tail 
is relatively short, reaching halfway around the 
trunk. [here is a weil-formed ocellus and otolith. 
The base of the stalk of each of the 3 adhesive 
organs is expanded but ampullae are not deve- 
loped. The hyaline cap on the axial cone is large. 
conspicuous and appears detached. Two blasto- 
zouids lie in the frothy looking larval test. 


Re marks. This species is readily confused with 
D. siylifera. Distaplia violetta can be distinguished 
by its less conspicuous and less numerous stamach 
folds, longer larval trunk, occasionally more than 
one embryo in the long-necked broad pouch, and 
ihe plum colour of its living colonies and their 
dark and subsequently greenish colour in preser- 
vative. The testis follicles of D. stvlifera are usually 
(but not always) smaller and more numerous. The 
specimens with parastigmatic vessels and several 
long embryos in the brood pouch assigned to D. 
stylifera by Millar (1975) may be of this species. 

Living colonies resemble those of D. cuscina 
n.sp. but have more conspicuous cloacal apertures, 
and »ooids are readily distinguished by the 
posterior abdomen of D. violeta. 


Zooids resemble those of D, tekivka n.sp. from 
South Australia, although thc upright, Nat-topped 
colonies of the present species arc distinctive and 
its zooids have fewer and larger malc foilicies and 
more stigmata. 


Distaplia viridis Kott. 1957 
(Fig. 48, Plate 10a c) 
Distaplia viridis Kot, 19572. p. 96; 19723, p. 7 (part. 
specunens Irom Port Noartunga. tig. 7). Millar, (9663, 
p. 365. 
Not Distaplia. viridis: Kou 1972a, p. 7 (part, fig. 6 
specimens from Hallett Cove « Distaplia pallida n.sp.} 


Distiiit ries 

New Rríecogos. South Australia (Great Australian 
Bight. SAM E2040. QM GH4I46 GH4159: Spencer 
Gulf. QM GH4216). Victoria (Portland, QM GH45), 
Queensland (Heron 1, QM 6H4355). 

Purviovrsiv Rrconprp South Australia (Spencer 
Gulf -- Y2069 Katt 1957a; St Vincent Gull AM Y1182 
Y2070 Kott 1957a. SAM 19239 Kate 19723). Victoria 
(Port Phillip Bay — Millar [966a). 

The species appears indigenous most often taken fram 
the coastal area between Speneer Gulf and Port Phillip 
Bay down to 8m. ]t is presumed the single record (rom 
Heron 1. represents the northern limit of its range. 
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DESCRIPTION 

UxTCRNAL. ArrtrARANCE.. Colonies arc flat 
cushions up to lem in thickness with the zooids 
opening only on the flat top af the colony. Zooids 
are arranged in circular systems of up to 10 around 
a central conspicuous and protruding cloacal 
aperture. In preserved material the surface test 
is slightly depressed over these systems. which are 
about 4mm in diameter. Living specimens have 
been described as brown and white, blue-black 
with white markings, whitish with purple pigment 
around systems, and blue-grey reticulate pattern, 
the latter created by darker pigment araund the 
circular systems. in preservative colonies are 
usually cream with a greenish tinge, although some 
dark bluish pigment granules are sometimes in 
the relatively thin test over the systems. The colony 
from Heron I. ts greenish blue over the systems 
and dark blue between them, although the colour 


lio. 48, Distuplia viridis; a, adult zooid (QM GH43j; 
b. vegetative 700id wilh precocious gonads (QM 
GH45), c, larva (AM Yt182), Scales; a-e, 0.Sinm, 
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recorded lor the living specimen was ‘hlack with 
white markings’ — different from other species 
occurring at this location, and the same as the 
South Australian specimens. 

INitiNAT Sirveer Zooids are not more 
than 2mm long. the thorax and the abdomen ot 
cqual length. A vaseular appendage extends from 
the posterior end of the abdomen, but there is 
uo posterior abdominal sac. The terminal 
branchial aperiure has only small lobes. The upper 
border of the atrial aperture is produced into a 
long lip, usually with 2 or 3 small projections at 
the tip. About 40 fine longitudinal muscles on the 
thorax extend across the mid-line between the 
apertures, The most dorsal muscles curve out into 
the long atrial lip, others radiate Irom the 
branchial aperture, and the most ventral muscles 
(about half of the total number) estend obliquely 
across from the endostyle to the posterior end ol 
the thorax. Muscles are inconspicuous on the 
abdomen. 

The right side of the branchial sac has 48 
stigmata in cach of the 3 anterior rows and 16 
in the posterior row, on the lecht 20 and 18 
respectively. Parustigmatic vessels are present. The 
oesophagus is long and narrow. the orange 
stomach in the posterior third of the abdomen 
is vertically oriented and slightly kidney-shaped., 
It has fine reticulations on the surface but no ridges 
or folds. There arc no other apparent subdivisions 
of the gut. A long oval gastric reservoir is in the 
gut loop, bout halfway along the pastro-intestinal 
duct that connects the proximal part of fhe 
intestine with the middle of the stomach. Gonads 
are in the gut loop. The species is protandious. 
Even «mall, non-functional, vegetatively produced 
zooids have large maturing testis follicles on the 
right side of the gut loop. These small vegetatively 
produced sooids also have a small ovum projecting 
from the body wall in the middle of the testis. 
‘The testis consists of a circle or hemisphere al” 
pear-to club-shuped follicles converging to the 
proximal end of the vas deferens in the centre 
of the circle. 

Colonies collected from Spencer Gull (Rott 
1957a) in Deeember have a single large embryo 
in the brood pouch attached to the postero-dorsal 
corner of the thorax by a narrow neck, Colonies 
collected in. July Tram Portland (QM GH45) 
contain vegetatively produced 200ids with 
maturing testes in both juvenile replicates and 
adult zooids Mature eggs and embryos are present 
in colonies. collected. from St Vincent Gulf in 
November (AM Y1182 Kott 19574), 

Larvae are large, with a long cylindrical trunk 
1.S$mm in length and a relatively slate tail ahuut 
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the same length. In mature larvae cach relatively 
narrow stalk of the tricadially arranged adhesive 
organs has ap least 2 swollen, balloon like 
ampullae at its base, Each epidermal concas ity, 
with it» cone ol adhesive cells in the centre, ts 
rather wide and shallow, 

RrwARkS The sheet-like colonies of Distupla 
pallida n.sp. can be confused with those of the 
present species, However D. viridis has thicker 
colonies, smaller more consistently circula 
systems of ¢ooids, more numerous branchial 
stigmata, and a straight, vertical (rather than bent) 
gut loop. Further, the stomach of D. pallida is 
short and folded while that of the present species 
lacks folds. In fact, the species that resembles the 
present one more closely is D. retinaculata which, 
although its colony í completely diflerent, has 
a similar number of stigmata, circular systems, 
and the stomach wall smooth externally and with 
reticulations internally. Distaplia florida nap, u 
distinguished from D, viridis by its cushion-hke 
colony, its paler pigmentation. its very much larger 
larva with a more elaborate adhesive apparatus, 
and its morc numerous stizmata, istalla cise ina 
n.sp. also resembles the present species having 
circular systems, à similar number ol stigmata, 
similar gonads. and similar small zooids with 
longitudinal and oblique muscles. The internal 
ridges in the stomach and more numerous muscle 
bands distinguish it [rom the present species. 


Genus Hypsistozaa Brewin, 1956h 


‘Type species: Distuplia faymeriana Michaclscn. 
1924 


The genus coulains spceies closely related 
morphologically to those ol Distaplia. Colones 
have a zogid-bearing head on a short, fleshy stalk, 
Zuoids are arranged in cloacal systems. fle 
branchial apertures are 6-lobed, Ihe atrial 
apertures are wide exposing much of the hranclual 
sac to the cloacal cavities, and they have a large 
anterior lip. There are 4 rows of long. rectangular 
sugmata, cach row crossed by a fine parastiginatic 
vessel The abdomen is short, and there is a large 
gastric reservou in the loop of the gut. und a rectal 
valve al the proximal end ol the rectum. Gonads 
are posterior to the put loop in the top of the 
conspicuous vascular stolon. Fine Jongitudinal 
muscle fibres extend onte and along the vascular 
$toloti. One or 2embryos develop init brood pouch 
connected to the dorsal border of the thorax just 
behind the atrial aperture, neur the terminal part 
ol the rectum. In both Z/ypsistozoa fasmertana 
and H. distamoides the vas deferens curves 
postertorly belore extending anteriorly tothe atrial 
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cavity, as in some species of Distaplia (D. 
retinaculata, D. stvlifera). Brewin (1959) has 
described thc prolific larval blastogenesis in the 
type species. Unfortunately mature larvac are not 
available in any ol the known colonies of H. 
distomoides and this cannot yet be confirmed as 
a character of the genus. 

The genus is separated from Distaplia by the 
position of the gonads, and by the well developed 
vascular stolon with conspicuous muscle libres 
cxtending along it. 

In addition to the type species (which is known 
from New Zealand) and H. distomoides, only one 
other species of this genus is known Hy psis- 
tozoa obscura Kott. 1969 from the Peru-Chile 
Trench. Otherwise the genus appears confined to 
southern temperate waters. 


Hypsistozoa distomoides (Herdman, 1899) 
(Fig. 49, Plate 10d-h) 
ATinaroucium distomoides Herdman, 1899, p. 72. 
Aplidium distomoides: Kott, 1957a, p. 95. 
Distaplia distomoides: Kott 1972b, p. 170; 1972d, p. 243. 
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DISTRIBUTION 

New Rrcogps: South Australia (Great Australian 
Bight, QM GH969 GH1280 GH1294 GH2390 GH4178; 
Ward |., QM GH1297; Spencer Gulf, GH4182, Yorke 
Peninsula, SAM E1987; Cape Jervis, QM GH114). New 
South Wales (Jervis Bay, QM G10044 GH52; Port 
Kembla, QM G9265 GH2004). 

Prrviousty Rrcogprp. South Australia (Great 
Australian Bight SAM E1994 6 Kott 1972b). New 
South Wales (Port Jackson Herdman 1899, Kott 
1972d). 

lt is a temperate species, and is taken down to 20m. 
At present it has a discontinuous range, with a gap 
between its South Australian and New South Wales 
records. 

DESCRIP TION 

Ex11 RNAL APPEARANCE: Colonies consist of a 
long oval hcad, up to 4cm long and 3cm in 
diameter, tapering to a short fleshy stalk. Zooids 
are arranged in rather crowded circular to long 
systems of up to 20 zooids. The test is soft and 


D 
RA 


Fic. 49, Hypsistozoa distomoides: a, colony (QM GH114), b,c, zooids (QM GHII4 G9265). Scales: a, 5mm; 


b,c. 0.5mm. 
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is only slightly translucent m preservative. Living 
colonies are reportedly rusty brown, orange. pink- 
purple or brilliant purple. 

IN gNAr Sirverurr: Zooids are relatively 
small, the contracted thorax and abdomen 
(including the gonad) together being only 2mm 
long. The posterior ahdominal vascular appendage 
is relatively wide with conspicuous musete fibres 
extending along it, About 16 longitudinal and 
oblique muscles are on the thorax. the dorsal oncs 
curving out into the large, rounded. anterior fip 
of the atrial aperture. Six small lobes are around 
the branchial aperture which is on a siphon with 
à well devcloped sphincter. There are 10 and 12 
Stigmata respectively in the posterior and 3 
uilterior rows on each side of the hody. Each row 
is crossed hy a parastigmatie vessel, 

The oesophagus hends ventrally at right angles 
lo its vertical proximal part to enter the stomach 
about one third of the way down (he abdomen. 
| he stomach is short and barrel-shaped with 8 
distinct rounded folds that tend to Matten toward 
the pyloric end where the stomach tapers slightly 
to the mid-intestine. Phe mid-intestine is only 
short, opening directly into the reetum about two- 
thirds of the way dawn the abdomen. A distinct 
rectal valve is at the junction of the mid-intestine 
and the rectum. A large gastric reservoir ts present 
in the loop of the gut — which is wide owing 
to the horizontal orientation ol the stomach. 


Heart and pericardium are in the posterior end 
of the abdomen to the left of the pole of the gut 
loop. 


Gonads are in the top of the vascular process, 
just behind, and sometimes slightly overlapping. 
the right side of the pole of the gut loop. They 
consist of ahout 20 relatively short, pear-shaped 
lollicles. their narrow ends projecting inte the 
centre to join the vas deferens, which curves 
posteriorly and then dorsally before extending 
unteriarly lo the atrial cavity. Jn zooids collected 
trom Port Kembla in September and Octoher one 
ur 2 embryos are in a oucrow-neckcd brood pouch 
attached to the dorsal border ol the thoras just 
hehind the atrial opening. In ane colony (QM 
G9265) these embryos are jailed, and the trunks 
ui the best developed are about imm long. fhcy 
have an ocellus and an otolith in their cerebral 
vesicles. however no other organs can be seen, 
‘Phe narrow neck of the brood pouches is often 
long. the pouch projecting well hehind the 7ooid 
uito the centre of the colony. Colonies collected 
in March. April and May [ram South Australian 
localities. contained maturing testes. but no 
developing embryos. The heart and pericardium 


are in the posterior end of the abdomen to the 
left of the pole ol the gut loop. 
Risranks The species is distinguished hoin 7f. 


fasmeriana hy the eclatively few and wide stomach 


olds. Despite the fact that this species belongs 
to a different genus, its zooids resemble those ot 
the South Australian. species Disraplia. pallida 
nsp in which the stomach has the same 
liortzoutal uricntation, and similar, although more 
numerous, stomach folds, 


Genus Neodistoina n.gen. 
Lype species’ Nrodisromd mammillatum nsp. 


Fhis monotypic genus is characterised by its 
Distapha-like zooids with a large atrial aperture 
and a lip hom ity upper border, parastigmitiic 
vessels. a distinct rectal valve. a large gastite 
reservoir, and a conspicuous vascular process. ‘The 
characters hy which it is distinguished. from 
Distaplia are its barrel-like (rather than kidney- 
shaped or oval) and distinctly folded stomach, and 
the 6 or more (rather than 4) rows of stigmata. 
There are no conspicuous muscles on the vascular 
appendage us there are in. fepasistozoa. 

Must ol the characters are common tà all species 
of Disraplia, and the rectal valve is know in D. 
Malifera, D. retinaculüta asp. and D. prolifera 
n.sp.. and in //vpsistozoa spp. The presence of 
more thin 4 rows ol stigmata is unique in (he 
Holozoidac, The genus is known only from South 
Australia. 


Neodistuma mammillatum n.sp. 
(Fig. 50. Plate 1la,h) 

Discuti tios 

Verr Fes stir Sonth Austratia (Seactitf. St Vinee 
GuM, low Hinestone secl; on top ul rocks, 12m, voll. 
N. Holmes 33.00.82, holoivpe SAM E1984 QM G H34104: 
Funders | Jovestigatot Croup, in caves, under rocks, 
San call, N. Holmes 10.4.53, paratype. QM GH2424, 


Di scimiios 

ExtrrnaAc APPCARANCI. Colonies form wide, 
Hat cushions. up to dem in diameter. The upper 
surlace is uneven with 3 to Š or more shallow 
conical prominences up to fcm high, each with 
a large terminal cloacal aperture. Zooids are m 
Jong douhle rows, one row each side ol the canals 
that radiate from the terminal cloacal apertures. 
A mass of vascular processes from the zouids is 
in the central test of the colony. The vest is soft 
and gelatinous. 1n preservative it is colourless and 
translucent. living colonies arc yellowish. 

IN IERNAL Sikt ciii: Zooids are about 3mni 
long and crowded vertically in. the test, The 


136 


MEMOIRS OF THE QUEENSLAND MUSEUM 


Fic. 50, Neodistoma mamumillatum ngen. n.sp.: a, colony (holotype SAM E1984); b,c, zooids (holotype SAM 
E1984, paratype QM GH2424). Scales: a, 3mm; b,c, 0.5mm. 


branchial aperture has 6 wide lobes. The atrial 
aperture is a wide, asymmetrical opening, exposing 
the dorsal part of the branchial sac. Its asymmetry 
is related to the position of the zooid in relation 
to the cloacal canal, A large anterior lip projects 
from the upper border of the opening. About 20 
fine longitudinal and oblique muscles are on the 
thorax, including dorsal muscles that extend out 
into the anterior atrial lip. The thorax is relatively 
long, with at least 6 rows each of 6 stigmata. The 
parastigmatic vessels bisect the stigmata in cach 
row, to form additional rows. Following the 
horizontal division of cach row of stigmata, new 
parastigmatic vessels develop across each of the 
new rows. Length of the stigmata varies greatly 
in cach successive row. Small dorsal languets are 
on the parastigmatic vcssels, alternating with the 
larger processes on the primary transverse vessels. 


The abdomen is only abont one-third of the 
length of thc thorax. The oesophagus is narrow, 
and is either vertical, opening into a vertical 
stomach about halfway down thc abdomen, or 
it is bent ventrally to open into a horizontally 
oriented stomach. The stomach is short, barrel- 
shaped, and has about 12 distinct, wide longitud- 
inal folds. The mid-intestine is narrow, opening 
into the rectum at the posterior end ol the 
descending limb of the gut loop. A conspicuous 
rectal valve is present. A large gastric rescrvoir 
is in the gut loop. Gonads are not mature in thesc 
specimens, and only occasionally is a small ovum 
found projecting from the body wall in the gut 
loop. 

Therc always arc numerous non-functional 
replicates scattered amongst the functional adult 
zooids. 
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Rimarks: In addition to the unusually large 
number of rows of stigmata, this species can he 
distinguished by its well-formed stomach folds and 
the small number of stigmata im cach row, 
Additional sampling is needed to acquire spec- 
imens in which gonads and larvae are maltre- 


Genus Sycozoa Lesson, 1830 
lype species; Sycozoa sigillinoides Lesson, 1830 


The genus is characterised by its regular, highly 
organised and always stalked colonies in which 
the zooids are in double rows along each side of 
vertical cloacal canals that extend, parallel to one 
another, down the sides of the head of the colony. 
‘The stalk is someumes short, thick and fleshy as 
in Distaplia, but in several species of Sycozog the 
stalk is long, thin, hard and leathery. Lobes around 
the branchial apertures are reduced and usually 
absent altogether. The body musculature is 
reduced, Apart from some fine bunds around cach 
aperture, the body wall has only à few (not more 
than 5) fine muscles on the thorax, none on the 
abdomen. Parastigmatic vessels are never present, 
and the 4 rows of stigmata are in two pairs in 
which the adjacent ends of the stigmata of each 
pair-partner line up along cach side of the 
transverse vessel that separates them. At their 
opposite ends the stigmata progressively reduce 
in length toward the endostyle, leaving a large 
triangle of unperforated pharyngeal wall between 
(he ventral ends ol the second and third rows of 
stigmata. There is also an area of unperforated 
pharyngeal wall both anterior and posterior to 
the perforated section, The atrial cavity extends 
only over the stigmata, not over the unperforated 
parts of the pharyngeal wall consequently the 
ventral part of the cavity is separated into twa 
pouches by the triangular area between the ventral 
ends of the second and third rows of stigmata. 
The stomach is smooth walled and pear-shaped 
lt opens into a short duodenal area that is only 
slightly smaller in diameter than the distal part 
of the gut, with which it forms a smooth cylindrical 
tube without subdivisions, A small gastric 
reservoir is present in Š. verebriformiy and 
accasionally in S. sigi/lineides, but not in other 
species. Gonads are either in the gut loop, or spill 
out behind it, or are contained in a sac protruding 
from the side of or behind the abdomen but never 
much constricted from it. A brood pouch trom 
the postero-dorsal corner of the thorax sometimes 
i$ long and curved at its distal end. H contains 
up to 40 developing embryos, the largest numbers 
being in Antarctic species. Variable numbers of 
embryos are brooded, Usually colonies are 


dioecious and all the heads of a compound colony 
are of the one sex. However, With apparently long 
periods when gonads are not developed, it is not 
known whether a colony remains the same sex 
throughout its life, Only in one species are there 
male and female zooids present at the same time 
in one colony (S. anomala Millar, 1960). Larvac 
are released from the top of the progressively 
disintegrating head of the parent colony, which 
sometimes, detached from its stalk, forms a large 
floating brood sac. 

Replication from isolated vegetative stolons in 
the stalk of the colony is prolific, zooids being 
added to the systems at the top of the stalk. Stalks 
persist after disintegration of the heads and new 
heads develop from the vegetative material stored 
in the stalk (Caullery 1909; Salfi 19253, 14926; 
Millar 1960). 

Larvae ol Sycozea have a large trunk, well 
developed adult organs, and triradially arranged 
adhesive argans, 2 dorsal and one ventral, each 
with à large axial cone set in à deep epidermal 
cup at the end of a smooth elliptical stalk. The 
hyaline cap on the axial cone is often large. There 
are no ectodermal ampullae and no frontal plate. 
The ectoderm and test of the stalk of the adhesive 
organs appears specialised in some species (see 
SN. pulchra, S. brevicauda ù.sp.) and may have 
secretory cells and be adhesive, The ocellis ss 
absent. Larval budding in Syeozoa, as in Distaplia. 
is never as prolific as it is in A rpsistozoa, nor 
do the buds develop to blastozooids às they de 
in the latter genus, However in some species ol 
Sycozeu (S. pulchra and S. hrevicauda n. sp.). 
the vegetative stolon (the left epicardial sac) os 
long and conspicuous and persists in the larval 
trunk alter the buds have formed. 

The form of the systems does vary. Usually each 
long canal has a single opening, the openings 
arranged around the margin of the free end of 
the head. There they open cither directly to the 
exterior, or into a terminal cloacal cavity with 
à centra! apical opening. Unlike Distaplia the rows 
of zonids never converge onto the upper surface 
of the head, In à few species canals expand into 
the centre of the head, becoming confluent with 
one another, and creating a large internal cavity 
that opens by a single terminal aperture as in 
Cvathacormus Oka, 1912. The lutter genus was 
erected to accommodate a species (C. mirabilis] 
in Which the double rows of zooids typical of 
Sycozou are embedded in the cylindrical walls of 
a stalked, cup-shaped colony and project inta the 
central cavity in parallel longitudinal ridges of test. 
The strul apertures open directly into the central 
cavity in the long furrows between the double rows 
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ol zaoidls. Sycozog cavernosa n, sp. Trom Western 
Australia has such à cloacal system. In smaller 
colonies the head is cup shaped as in the Japanese 
species. In larger colonies the npper third ol the 
head has an identical open cloacal cavity, although 
m the middle third of the head there is a central 
vore of test connected to the outer zaoid-beuring 
layer by horizontal radial test connectives. The 
lower part oí the head, where new replicates are 
being added to the system. is solid. Further up, 
the backward expansion of the cloacal cavity tends 
to partially separate the eeptral test from the outer 
zooid-hearing layer. This clabaration uf the 
cloacal cavity does not justify the separation of 
the genus Crathocormus fram Sreozaa. and the 
genera are treated here as synonyms. 

The homologue of the large internal cloacal 
cavity ol S. caverneasa ean be observed in some 
specimens of Ñ. sigillinoides when the terminal 
cloacal cavity enlarges as the top of the head begins 
to disintegrate (releasing its larvae). The atrial 
openings of the zooids arc thus exposed directly 
to the central cavity. 

In species with separate openings of cloacal 
cuuals wound the margin of the upper surface 
of the head, disintegration of the terminal central 
est sometimes leaves a concavity that can be 
mistaken for a cloacal cavity with a wide terminal 
opening, 

Difficulties in interpreting the exact location of 
cloacal apertures that arise from the disintegration 
ol the top of the head were observed by Michaclsen 
(1924). and Millar (1960). Their location is also 
obscured by the laci that they become large, 
extending down the sides of the colony in a deep 
Y, and exposing the cloacal canals woth the atrial 
apertures ol the 7ooids directly to the exterior. 

Since headless stalks persist, and the isolated 
vegetative stolons contained in them subsequently 
produee new zooids and regenerate new heads, 
the colonies are prohably long-lived. Much of the 
variability observed probably is caused by growth, 
this being rapid resulting from prolific replication 
of zooids. The presence of numbers ol heads trom 
a single base probably results from growth 
following regression ol a single head (Millar 1960) 
and is not necessarily indicative ol a genetic 
difference from individuals with single heads and 
unbranched stalks. There is Inude intraspecific 
variation either in the numbers ol stigmata in each 
row, or in the shape and texture of the head and 
the stalk, arin the numbers ol testis follicles. Thus 
it is these characters. thot must be used to 
distinguish the species, tor the shape of the 
stomach. the condition al its wall and the course 


139 


of the gut are all remarkably constant throughout 
the genus. 

The genus ss relatively diverse in Australian 
waters where & of the [4 known species have been 
recorded. The Australian records comprise 5 
indigenous species, two tropical West Pucific 
Species (S. seiztwadat and S. pulchra) and one 
Antaretic species (S. sigillinoides). 

The Antarcue members of the genus have wide 
geographic ranges. Their larvae lack an ocellus 
that would atiract them into shaded settlement 
sets, und in any case shaded places seldom oveut 
in thor open sca floor habitats. Accordingly, their 
settlement sites are not restricted, and this may 
contribute to gene Now (Berrill 1955). The penus 
appears to have. Antarctic. affinities. Svcozog 
Aanzasi flom Japan, is the only species that 
extends north of the tropical western Pacific; ond 
although the two known Antarctic species, S. 
sigillinoides and S. georgiana (sce Millar 1960. 
and Kou 1969) have a wide eireumpolar range 
m the Southern Ocean, the genus has not otherwise 
been recorded. from the Atlantic Ocean. The 
western Pacihe tropical species and Australian 
temperate species have clear affinities with the 
fauna of the Southern Ocean, viz. S. seiziwadai 
with the South. Afriean. S. arhorexeens, and S. 
pulchra, S. pedum ulata and S. brevicauda n.sp, 
with S. siillinoides. The Australian. continent 
appears to have served as a bridge between 
Antarctic and tropical waters for vadiatian of this 
genus 


Kev 10 Sereirs oi THE Genes Stcozoa 
RICORDEDI ROV AUSTUAL1A 


l. Cloacal aperture single, in centre of [ree end 
ODIEddi: o ss TEIT ilata Seis 
Cloacal apertures numerous aronnd uuter 
manga ot daeexend. ol Dead v.e: 5 ot 
Zoaids embedded in. longitudinal ridees 
projecting into a central cloacal casity, 
gonads posterior to the gut laop ........- 
secas cesses a ese COS CUVE ANN sp. 
Zooids nob embedded in longitudinal ridges 
projecting into ceotral cloacal cavity; gonads 
Bethe sidero Me gut loan. cones... eee 
C A (SO Svycozod sigillinaides 
Base of stalk with root-like hairs..........34 
Base ol stalk without root-like hairs .......5 
4 Papilla present on body wall over pyloric end 
ORSC There e a red Svcozoa pulclira 
Papilia nat present on body wall over pvloric 
end of stomach ..Sycozed brevicauda n.sp. 

5 Zool bearing part ol colony pleated ....... 
UE guo od OQ a LUE cerchriformts 

Zooid bearing part of colony not pleated... .4 


M 
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6. Stalk thin and leathery, and very much longer 


than: head cose Sycozoa pedunculata 
Stalk not thin and leathery, and not very much 
longerihantheade eeu a 7 

7. Stalks branch; test not firm and darkly 
pigmented seii cee as Sycozoa seiziwadai 
Stalks do not branch; test firm and darkly 
pigmented o «aces Sycozoa murrayi 


The species known from adjacent areas are: 

Sycozoa anomala Millar, 1960 (see also Millar 
1982) from New Zealand has its gonads in 
a posterior abdominal sac (as in S. cavernosa 
n.sp.), a terminal common cloaca, narrow 
rather than flcshy stalks, small branchial lobes 
and occasionally hermaphroditic colonies. 

Sycozoa arborescens Hartmeyer, 1912 from 
South Africa has colonies with fleshy 
branching stalks that resemble those of S. 
seiziwadai (see Michaelsen 1923, Millar 
1963a). Howcvereach zooid-bearing head has 
a terminal cloacal cavity with a central 
aperture rather than separatc openings 
around the head. 

Sycozoa gaimardi (Herdman, 1886), known 
only from the Magellanic region (see Kott 
1969) has dome-shaped heads on slender 
stalks. 

Sycozoa georgiana (Michaelsen, 1907) a 
circumpolar Antarctic species has a more 
restricted range than S. sigillinoides, not 
extending north of the Antarctic convergence. 
Its main characteristic is the short zooid rows 
resembling those of some specimens of S. 
seiziwadae, however it has the single cloacal 
aperture and narrow stalk of S. sigillinoides. 

Sycozoa kanzasi (Oka, 1930) from Sagami Bay, 
Japan, resembles S. pulchra in the presence 
of a knob over the stomach, a narrow stalk 
and basal roots. It is distinguished by its single 
terminal cloacal aperture (Tokioka 1953, 
Millar 1975) 

Sycozoa mirabilis (Oka, 1912) from Sagami Bay 
is distinguished from S. cavernosa n. sp. by 
its cup-shaped rather than cone-shaped 
colony, fewer zooids per vertical row, and 
the much shorter and fleshicr stalk supporting 
the zooid bearing head. 


Sycozoa brevicauda n.sp. 
(Fig. 51) 

DISTRIBUTION 

Type Locatity: Western Australia (Cockburn Sound, 
coll. Western Australian Naturalist 28.5.58, holoiype 
WAM 139.75; off Eglinton Rocks, on floor of cave at 
about 45m, coll. P. Roberts 22.12.75, paratypes WAM 
801.83; 71 nautical miles N. of Port Hedland, 81-2m 
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on sand, coll. L. Marsh and M. Begant, paratype WAM 
1046.83). 

FURTHER Recorps: Western Australian (Steep Point, 
QM GH4364; Houtman’s Abrolhos, WAM 804-5.83). 
South Australia (Grange, SAM E2011). 


DESCRIPTION 

EXTERNAL APPEARANCE; The colonies consist 
of a flattened, fan-shaped head up to 3cm wide 
at the widest point. The head is supported on a 
long (up to 8cm) narrow stalk, sometimes several 
arising from a common basal stalk that, tuber- 
like, runs along the surface of the substrate. The 
stalk is relatively hard, with a tough outer cuticle, 
Zooids are in vertical double rows that radiate 
out along the fan-shaped head. The lower half 
of the fan contains non-functional vegetative 
zooids from the vegetative stolons in the stalk 
being added to the double-row systems. The upper. 
wide part of the fan contains rows of up to 20 
functional zooids. The long cloacal canals between 
the double rows of zooids open around the zooid- 
free, flat, narrow, arched tcrminal surface of the 
head. The stalk narrows toward its base where 
it terminates in a clump of hair-like roots that 
have a mass of sand entangled in them. Sometimes 
(apparently wherever it touches the substrate) 
clumps of roots along the length of the stalk 
provide supplementary points of attachment, 

INTERNAL STRUCTURE: Zooids are about 2mm 
long, the thorax and abdomen of about equal 
length. Branchial lobes are absent and the atrial 
aperture is the usual wide opening into the cloacal 
canal. lt is asymmetrical, the shape of the opening 
dependent on the side ofthe cloacal canal on which 
it is located. The branchial sac has 12 stigmata 
in the anterior pair of rows and 10 in the posterior 
rows. The stomach is comma-shaped, tapering to 
thc intestine, The intestine and rectum together 
form a continuous cylindrical tube without any 
divisions in it. The stomach is slightly obliquely 
oriented. Gonads are contained in the gut loop. 
projecting from the posterior end of the loop when 
mature. Colonies are dioecious. Up to 9 long male 
follicles lying parallel to one another in a barrel- 
shaped clump are in a zooid from a male colony. 
The vas deferens curves posteriorly from the outer 
end of the clump of follicles before extending 
anteriorly with thc rectum. 

Brood pouches containing an embryo and one 
egg in the upper part of the head of specimens 
collected from Port Hedland in October (WAM 
1046.83) and in the holotype specimen collected 
in May. 

Larvae are relatively small, the trunk only 
0.6mm long, with the tail barely reaching its 
anterior end. There is an otolith but no ocellus. 
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Scales: a, tem: b, 0.5mm; e, 0.1mm; d, 0.05mm. 


Fic. 51, Syeozoa brevicauda n.sp.: a, colony (holotype WAM 139.75); b. zooid (holotype WAM 139.75): e. larva 
(paratype WAM 1046.83); d. adhesive organ showing hyaline cap in ectodermal cup (paratype WAM 1046,83). 
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The left epicardial sac is long, narrow, and persists, 
projecting anteriorly from the left side of the gut 
loop to lie between the thick elliptical stalks of 
the 3 triradially arranged adhesive organs. These 
stalks diverge from one another and project from 
the anterior end of the trunk, eaeh surrounded 
by a layer of test. Ectodermal cells of the stalks 
have fine cilia-like extension through the test, and 
these form terminal expansions at the surface. 
Remarks: The species resembles S. pulchra in 
the presence of a long, narrow stalk with clumps 
of hair-like roots fixing to the sandy substrate. 
However, the head of the present species is wide 
and flat, thc head of S. pulchra being cylindrical 
in section and more like an inverted cone. There 
are slightly fewer stigmata per row, and 9 (rather 
than 6) male follieles in the present species. The 
projection from the body wall over the pyloric 
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end of the stomach, characteristic of S. pulchra, 
does not occur in the present species. Larvae are 
also similar, with a long epicardial tube, deep 
adhesive organs, and unusual ectodermal eells on 
their stalks. However the larval trunk of the 
present species is about half the length of that 
of S. pulchra. 


Sycozoa cavernosa n.sp. 
(Fig. 52) 
DISTRIBUTION 


Typer Locarrry: Western Australia (olf Whitford 
Beach, Cockburn Sound, reel 5m. coll. L. Marsh 16.2.79, 
holotype WAM 795.83 QM GH2106; off Whitford 
Beach, 3 4m. coll. L. Marsh 16.11.79, paratypes WAM 
879.83: Woodmans Point, Cockburn Sound, coll. A. 
Brearlcy 31.12.74, paratype WAM 199.75). 

Furiner Recorps: Western Australia (Dampier 
Archipclago, WAM 1000.83; Cockburn Sound, WAM 
219 20.73 805.83 807.83, QM G9653). 


y) yy) 


ó 
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Fic. 52, Srcozoa cavernosa n.sp.: a, maturc colony (holotype WAM 795.83); b, young colony (WAM 1000.83); 
c, diagram of interior of the head; d, juvenile zooid with prccocious gonads (paratypc WAM 879.83): e.f. 
female zooids (paratypc WAM 199.75 1000.83); g, malc zooid (holotype WAM 795,83). Scales: a, lcm; b. 


2mm; d. Imm; e.f, 0.5mm. 
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Ihe species has been Taken down lo 18 m, HC has not 
been taken outside Cockhurn Sound. 


DESCRIPTION 

ExTERNAL APPEARANCE: Colonies are conical. 
pointed heads up to 7cm long and 3em diameter 
üt their base, on more or less cylindrical stalks 
about lcm in diameter narrowing slightly toward 
the base usually about the same length às the head, 
but occasionally longer. Basally each stalk breaks 
into short hair-like projections which, when 
entangled with sand, create a small and more or 
less spherical holdfast. A large cloacal cavity in 
the top of the head has a large terminal opening. 
Zooids are in the outer layer of test, arranged 
in double rows extending down the sides of the 
head of the colony. Double rows of zooids are 
embedded in longitudinal ridges of test that project 
into the internal cavity. In the lower part of the 
head the terminal cavity continues down separ- 
ating the outer zooid-bearing test from a central 
core continuous with the stalk. The outer zooid- 
bearing layer is joined to the central core by radial 
connectives, which are strands of test about 3mm 
in diameter that extend horizontally from the 
central test core und cross the cloacal cavity to 
join the zooid-hearing ridges ol test. Vascular 
appendages of the zooids extend through these 
cannectives, into the inner core and thus down 
into the stalk. Atrial apertures of zooids open 
directly into the cloacal cavity between the 
projecting zooid-hcaring longitudinal ridges. 
Capacious cloacal spaces in the heads of mature 
colonies cause heads to be Haccid in preservative. 
Colonies in which vegetatively produced zooids 
are maturing have less extensive cloacal spaces 
and are firmer, while in one small colony the centre 
of the head is an open cloacal space without any 
central test core (WAM 1000.83), The colour of 
living colonies is not known. In preservative they 
are beige with grey zooids. 


INTERNAL STRUCTURE, Zoolds orient obliquely 
in the colony with their atrial apertures uppermost 
(opening into the adjacent cloacal canal), with 
their abdomina and posterior abdominal sacs 
projecting into the radial test connectives. Thorax 
and abdomen together are up to 2mm long. The 
posterior abdominal sac is about half that length 
only when the male gonad is mature, The small 
branchial aperture is not lobed. The atrial aperture 
is large, the sides of the aperture being drawn back 
to expose most of the branchial sac to the cloacal 
cavity. The upper border of the opening is 
produced into a rounded lip. Fine muscle bands 
are in the thoracic body wall, but are inconspic- 
uous and not numerous, There are 12 long 
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rectangular stigmata in the 2 anterior rows amd 
10 in the 2 posterior rows. 

The pear-shaped, smooth-Walled stomach, 
tapering to its pylone end, iw hallway down the 
abdomen, No other divisions of the gut were 
observed. 

Gonads occupy the narroweneceked sac behind 
the abdomen, Male and female gonads ure never 
present together, and all the vooids in the colony 
are of one sex. Mature testis follicles (5) are in 
paratype material collected in November (WAM 
879.83). Mature ova (3 to 5) are in a colony 
collected in December (WAM 199,75) and in iliis 
colony up (o 3 early embryos are in a long brood 
pouch with 8 short. narrow neck connecting H 
to ihe postero-dorsal corner ol the thorax. 
Colonies collected in September (WAM 219- 
20.73) have only immature zooids, an incipient 
Posterior abdomen without contained gonads 
being present, and in these colonies. the cloacal 
cavities are More limited. In colonies taken in June 
(WAM 805.83, 807.83) the head is relatively firm. 
there are no gonads, only a few cloacal spaces 
and no cloacal aperture, and the zoolds are 
juveniles, embedded (n the test, 

Apparently sexual reproduction occurs st the 
beginuing of summer (December) and larvae mity 
be released in January and February, Thereafter 
the zooids may repress, vegetative zooids reap- 
pearing in June, developing through late winter 
and spring ( August to November), Larvae of this 
species are not known. 

Remanks. The extensive internal eloacal cavity 
with longitudinal ridges (containing embedded 
zooids) projecting into il, and the wide terminal 
aperture, together with the smooth outer surface 
of the colony readily distinguish it. The head ol 
the juvenile specimen (WAM 1000.53) resembles 
S. mirabilis (Oka, 1912) although Oka's specimens 
were larger with a short fleshy stalk and appear 
not to be conspecific with the present species 
Gonads were not developed in S. mirabilis. Their 
presence im à posterior abdominal sac in the 
present species. as in some species of Disiaplta, 
resembles Srcozoa anomala Millar, 1960, however 
Millar's species (from New Zealand), does not have 
the open cloacal cavity of the present one. 


Sycozoa cerebriformis (Quoy and Gaimard., 1834] 
(Pig. 53, Plate Tle h) 

Aplidie cerebriforme Quoy and Gaimard, 1834, p. 62. 

Syeozed cerebrifarmis; Brewin, 1953, p. 58. KotL, 1957, 
p. 99; 19724, p, S; 1972b, p, 170; 1976, p. 57. Millat 
1963a, p. 708; 1966a, p. 365. 

Distaplia verehriforme; Michaclsen, 1924, p, 323. 

Colella plicata Herdman 1599, p f? 

Colella incerta Caullery. 1909, n. 10. 
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Fi. 53, Sveozoa cerehrifarmis: a, young colony (QM G9637); b. 7ooid (SAM E2020); c, juvenile vegetative 
7ooid (SAM E2013): d,e, abdomens of male and female zooids (SAM E2021): f. larva (QM GH2405). Scales: 
a, lem; b-e, 0. 5mm; f, 0.1 mm. 
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Dis rRIBUTION 

New Recorps: Western Australia (Shark Hav, WAM 
797.83; Houtman's Abrolhos, WAM R05 6.83; Dongara. 
WAM 1047-9,53; Cackburn Sound, WAM 159 7421 75 
24.75 87.75 94.75 131.75 209.75 219,82 798-500.83 1043 
4.83). South Australia (Great Australian Bight, SAM 
E2001 E2011 E2014-5 F2021: Nuvis Archipelago, SAM 
E2019-20 E2030, QM GH4214; Spencer Gulf, SAM 
E2012 E2017 E2022 3 £2025 9 E2045; St Vincent Gulf, 
SAM E1954-6 E1958 E2018 E2024. QM GH?2405 
GH4224; West 1., SAM £2013, QM G9264. GH2405). 
Victoria (Gabo 1.. SAM E2016, AM Y2137; Bass Strait, 
QM GI2735 GH2393 4, MV H462 H475 H929). 
lasmania (Swansea, IM D93 D191; Port Davey QM 
GH1844). New South Wales (Balemans Bay, AM 
Y21347: Jervis Bay, QM GI0015-6; Port Kembla, QM 
9262, Por Stephens, AM Y¥2135; Monavale AM 
Y2136; Port Jackson. AM Y2188, Nambucca Heads QM 
G10009; Solitary 1. QM G9637; Cook 1.. QM GH4223). 
Queensland (Monloolabah, QM G 10107) 

Prerviousty Rrcokprep. South Australia (Great 
Austrulian Bight QM G9263 Kott 1972b; St Vincent 
Gull — Kon 19573, 5SAM 1268, QM G9317 Kou 1972a: 
West 1., Wright 1. Kott [972a). Victoria (Western 
Port, Port Phillip Bay Quoy and Gaimard 1834, 
Caullery 1909, Kott 19574 1976. Millar 19634 19664). 
New South Wales (Jervis Bay, Poet Hacking, Port 
Jackson, Port Stephens — Herdman 1899. Kolt 19573, 
Millar 1963a). 

The colomes trom Dongara nnd Shark Bay (WA) are 
all small and these may represent populations al the 
northern extremity of the range of this temperate 
indigenous species. The species ts taken in caves. and 
crevices off reefs, and dredged off the sea floor at depths 
down lò Süm. 


Drscet now 

EXTERNAL ArPrARANCI- The colony consists 
ul a relatively short (usually not more than 1.5cm 
long) fleshy (up to 3em in diameter) stalk that 
Nattens Out at the top where it expands into a 
flat, ribbon-like, zooid-hearing lamella up to 2em 
high, Occasionally the stalk is longer (up to 7cm) 
and cylindrical, The top edge ol the zooid-bearing 
lamella is flat and zooid-free. In young colonies 
the lamella is merely [lat and spade-shaped. but 
as the colony develops it increases in. width. At 
lrst it curves around at each end, its junction with 
the tap of the head being horse-shoe shaped. 
Subsequently it becomes long and is gathered and 
pleated onto the top ol thestalk, One colony (SAM 
D268) has a lamella that is 74cm wide, gathered 
onto the top of a stalk of about 3cm diameter 
to make a complex rosette Bem in diameter. 
Sometimes the basal stalks branch, each terminal 
branch having an expanded zooid-hearing part 
that usually fuses with that of its neighbour. A 
thin layer of test sometimes connects the branches 
of adjacent stalks. 
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Zooids are in parallel double-row systems down 
each side of the flat lamellae. Each cloacal canal 
Opens by a separate large aperture al the top ol 
the canal, the apertures are around the margin 
of the flat, narrow upper surlaee of the lamella. 
The double row systems seldom contain more than 
& functional zooids in each row. These occupy 
a band about [em wide along the upper part of 
each side. The lower lem has a band of non- 
functional replicates progressively joining the 
vertical rows of functional zooids, and, lower 
down, just above the stalk, the basal stolons of 
the adult zooids converge into the stalk. The 
surface test is covered with minute, evenly spaced 
inconspicuous pointed papillae 

In life, specimens of this species with their tightly 
pleated rosette-like colonies are spectacular. A 
range of colours is known. Collector's notes for 
colonies taken from 25m off Mooloolaba (QM 
G10107) indicate they were yellow, but changed 
to purple when damaged or removed from tlic 
substrate. Specimens photographed im situ are 
blue, pink, red, orange, or yellow. In preservative 
they are sometimes translucent blue. pink or 
cream. 


IN ir gNAr Stevertinv: Mature z00)ds are up 
to 2.5mm long, delicate, with thoraces collapsed 
in preserved. material, but never contracted 
Muscles are around the apertures, but only about 
5 fine museles extend from the branchial siphon 
a short distance down each side of the pharynx. 
I here are 14 stigmata in the anterior pair of rows 
and 13 in the posterior rows, Ihe oesophagus is 
fairly long. the small oval stomach slightly oblique, 
the gut loop :lmost vertical, and a small spherical 
gastric reservoir is in the gut loop 

Colomes are dioccious. Gonads are on the right 
side of the gut loop. The ovary contains up to 
3 ova, and the testis 4 or 5 wedge-shaped follicles 
arranged in a tight circle, Short vasa ellerentia 
[rom each follicle join the vas deferens in the centre 
of the circle, The vas deferens then makes a short 
loop posteriorly before extending anteriorly alongs 
the inside of the rectum. 

The breeding season for this species appears 
short. Colonies collected from South Australis 
had mature male aud female gonads in May (SAM 
E2021). Fmbryos are in one colony taken in April 
(SAM E2014) and one in May (QM GH2405), 
Although gonads are sometimes present in Match, 
July and October. they are not mature. Gonads 
were not present in any of the specimens collected 
in January ov February. Material was collected 
from western Australian waters in all months 
except January nnd February. Most. sexually 
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mature colonies were males taken (rom October 
to Devemba (WAM 94,75 802,83 131.75 798,83), 
although one mature male colony was taken in 
May. One colony with larvae and emhryos was 
taken from Cockburn Sound in Decembet (WAM 
799,83). In general, the species reproduecs sexually 
in spring and autumn, The significance of the 
preponderance of malc colonies present in the 
collections is not understood, 

Iu this species there is only one almost spherical 
embryo in cach brood potch The larval trunk 
iy DX te ÉL. Hm loug aud the tail is wound one 
and a half times around ú. There is an otolith 
hut uo oecllus. and neither epicardial tube nor 
buds have been detected. The adhesive organs aie 
large with tall. narrow axial cones and epidermal 
cup», and short, thick slafks. Each adhesive oryan 
protrudes fram the anterior end of the trunk 
surrounded by a layer of test. 

Remarks: The flat, ribbon-likc. pleated. zooid- 
bearing part of the colony, together with the short 
systems containing less than lÜ Tunctional zooids 
per row are distinctive characters, Furlher this is 
the only species of tbe genus in which a gastric 
reservoir is always present, though X. sigillinoides 
sometimes has one (Kott 1969). 

Srcozoa hrevicaudu n. sp.. which also has a 
flattened head. does not have the short rows of 
zonids nor the ribbon-shaped head of the present 
species (its head being fan-shaped); nor does it 
have the short fleshy stalk of the present species. 

The species appears related most closely to the 
tropical S. seiznvadar. which it resembles in having 
branched fleshy stalks, short systems, relatively 
few male follicles, a single larva in each brood 
pouch, large larval adhesive cones and no 
conspicuous epicardial tube extending lu the Iront 
ol the larval trunk. Steozoa seiziwadui is 
distinguished from the present species. by its 
narrower zooid-bcaring heads that are not pleated, 
a longer and narrower gut loop, the absence of 
a gastric reservoir, and a smaller larva with a 
shurtee tail and larval buds. 


Sycozoa murrayi (licrdman, 1886) 
(Fig. 54. Plate 12a) 
Colella murrayi Herdman, 1886. p. (15. var. rubida p. 
119. 
Sycozoa murrayi Kou, 19573. p. 97. 
Arcozea tuxmunoides Kott, 1984, p. 157. 


Visione ques 

Nr w Rrcogps. South Australia. (Great Australian 
Bight, QM. GH4155; St. Vincent Gulf, OM 6H3220). 
Tasmania (Midway Point 1M. D11887: northeastern 
Tasmania, 1M. D1835), 
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Purvioi sey Recoworp Tasmania (off Maria 1. 
AM Y1231 Kott 1954). Victoria (Bass Siran Herdman 
1886). New South Wales (off Port Jackson — var. rubida 
Herdman 1886; Bermagui ~ Kou 1957ap. 

The speties appears indigenous and temperate. 
ranging from the Great Austrahan Bight 10 the vicinity 
of Port Jackson. 


Dt scit iov 

Extrernat ArrrARANCE: Colonies have a 
flattened and paddle-shaped, or a smooth oval, 
stalked head. The newly recorded specimens have 
heads 2em long, about lem wide across the middle 
or widest part and only about (Sem thick. 
Posteriorly the head tapers to the narrow firm, 
short stalk that is never more than slightly longer 
than the head and lacks an outer hard cuticle. 
The stalk narrows toward the base and terminates 
ina rather blunt point without breaking into etther 
roms or hairs, The lower part of the stalk adheres, 
aloug its length, to the sustrate (weed stems, 
tronds). In specimens recorded by Herdman { 1886) 
and Kott (19573) the stalk is shorter and thicker. 

The test is unusually firm. containing bluish- 
black pigment particles present also in the body 
wall of the zooids which are in vertical double 
row systems, with the cloacal canals opening 
around the upper margin of the head. 

Ix rERNAL Stricture Zooids are of the usual 
farm, about 2mm long with 12 to I4 stigmata 
per row. The stomach is slightly obliquely 
oriented. wide anteriorly and gradually decreasing 
in diameter toward the pyloric cnd where it is 
continuous with the intestine, There is no gastric 
reservoir in any of the examined material. The 
gut loop is vertical, The body wall has no papilla 
over the pyloric end of the stomach. No gonads 
occur in the newly recorded material. Male gonads 
were in the specimen from Bass Strait (Herdman 
1886). They consist of ovate male lollicles 
(Herdman 1886). In an obliquc. almost longitud- 
inal seetiun. 5 follicles are seen (Herdman 1886. 
pl, 17, lig. 10). Specimens from the NSW coast 
(Kou 1957a) have mature ovaries, embryos and 
uled larvae, 

The larva bas a relatively short lrunk 0.7mm 
long. The 3 adhesive organs, triradially arranged. 
are on unusually short, thick stalks. The axial cone 
of adhesive cells with its epidermal cup is 
particularly large. The tail is long (more than 2mm) 
and winds around the trunk nearly one and a half 
times. There are no rudimentary buds in the larval 
test and the epicardial tube was not detected. 

Kit ^s: The unique characters of this species 
are its relatively irm and pigmented test. short 
stalk that is much the same consistency as the 
test ol the zooid-bearing head. and the size of 
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Fio 54. Sreozoa murrayi a. colony (GH 4155); b larva 
(AM, off Bermagui). Scales: a, [cm; b, 0.2mm, 


the larva. The large axial cone ol cells in the 
adhesive organs resembles that of S. cerehriformis. 
The head is sometimes flattened as in S. hrevicauela 
n. sp., but the stalk is shorter and lacks the terminal 
hairs of the latter species. Sycozoa murrayi is 
distinguished from S. pulchra and S. pedunculata 
by its Nattened head with firm test, and its short 
stalk, 

Although the staik was shorter and thicker than 
in the newly rceorded specimens, Herdman (1886) 
recorded the characteristically firm pigmented test 
and flattened colonies in describing this species. 


Sycozoa pedunculata (Quoy and Gaimard., 1834) 
(Fig. 55. Plate 12h) 
Aplidie pedunculatum Quoy and Gaimard., 1534. p. 626. 
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Not Aplidium pedunculatum Cunningham 1871. p. 490 
(< Svcozoa sigillinoides). 

Colella pedunculata, Caullery, 1909. pp. 14. 30 (specimen 
from King George Sound). 

Not Collela pedunculata Herdman 1886, p, 74. Pieffer, 
1889, p. 4; 1890, p. 499. Sluiter. 1900, p. 5: 1906, 
p. 6 (z Sycozou sigillinoides). 

Not Sreo:oq pedunculata: Koti, 1972b, p. 170; 1975, 
p. 2. 1976, p. 45 (< Srcozoa. pulehra): Koti, 1972d, 
p. 243 (< Sycozoa seiziwadai). 

? Srcozoa sigillinoides; Michaefsen, 1924. p. 505 (part, 
specimens from Tasmania, Bass Strait, Western Port). 
1930, p. 505 (part. specimens from Albany). 


Disikiit 110N 

Nrw Ricoxps: Victoria (Portsea, QM GIONO; 
Western Port, AM Y2148; Bass Strait, MV H449, QM 
GI2747) Tasmania (Port Davey, QM GH2022 G H2025. 
southern Tasmania. TM D708; southeastern Tasmania. 
TM D2025; Huon Channel, TMD 1858; d'Entrecasteaux 
Channel, IM D276, Derwent Estuary, TM D103, 573 
D7I!I! D713 D721 2; northeasiern. Tasmania, 1M 
11835). 

Peiviousry Recors Western. Australia. (King 
George Sound Quoy and Gaimard 1834, ? Michaelsen 
1924, 1930). Victoria (Bass Strait 2? Michaelsen 1924; 
Western Port Quoy and Gaimard 1834. ? Michaclsen 
1924). Tasmania — ? Michaelsen 1924). 


DESCRIPTION 

EXTERNA, Apprarancr, Colonies have an 
inverted conical zooid-bearing head (up to 2em 
long) on a long (up to 9cm), hard stalk. The flat, 
terminal zooid-free top of the head is from 1 to 
l.Gem in diameter, and is the widest part of the 
head. Basally. the stalk breaks into short branches 
that attach directly to a hard substrate. Up to 
20 zooids in about 20 parallel, vertical double- 
row systems are evenly spaced around the head. 
The cloacal canals have wide openings around the 
outside of the margin of the flat terminal surlice 
of the head. In one colony from Tasmania (UM 
D708) 5 heads are at the top of the leathery stalk 
of the colony. 

In the specimen from Sandy Bay (1M D711). 
the central test is withdrawn from the top of the 
head, leaving zooids embedded in the outer layer 
of test surrounding a terminal cavity and giving 
the impression of a terminal common cloaca with 
a large opening. However, this is an artefact. The 
cloacal canals open around the outside of head 
as is characteristic of the present species and not 
into a terminal cavity as they do in S. cavernosa 
n,sp. 


INTERNAL StRUC IRE Zooids are relatively 
large for this genus, from 3 to 4mm. The branchial 
aperture is smooth. The atrial aperture has a wide 
rounded upper fip. There are 19 or 20 stigmata 
per row in one specimen (QM G10120), but other 
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Fic. 55, Sycozoa pedunculata: a, whole colony (QM GH2022); b, head showing arrangement of systems (QM 
G12747), c. male, contracted zooid (TM D708), d, larva (TM D711). Scales: a, lcm; b, 5mm; c, 0.5mm; d, 
0.2mm. 
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colonies have anly 14 to l6 stigmata per row. The 
smooth stomach is slightly obliquely oriented. H 
is wide anteriorly, and posteriorly it tapers to the 
intestine. Neither a constriction nor a valve is 
between. the intestine and the rectum, that part 
of the gut distal to the stomach forming an even 
cylindrical tube. No papilla is present on the body 
wall over the pyloric end of the stomach, Gonads 
are enclosed in the gut loop. 

The female gonad cansists of a large (up to 7- 
egg) ovary, The mature testis consists of & to 10 
long follicles arranged in parallel to form a wide, 
barrel-shaped clump that juts out from the side 
of the gut loop. The vas deferens makes the usual 
posterior loop from the distal extremity ol the 
testis before extending antenorly along the rectum. 
Mature male gonads are present in colonics 
collected in September and October from southern 
Tasmania (TM D708 192025). In the Bass Strait 
material one colony (QM GIO120) is female with 
large eggs in the ovary, however embryos are not 
present. Embryos were in the type specimen (see 
Caullery 1909, fig. 7, p. 17) and up to 7 embryos 
are in a brood pouch in the newly recorded 
material from Sandy Bay (TM D711). 

Larvae are relatively small with an almost 
spherical trunk 0.9mm long. From the newly 
recorded colony TM D711. larvae from the one 
brood pouch have tails ol variable length. Some, 
like those of S. pulclira reach halfway around the 
trunk. and others, like those figured by Caullery 
(1909, fig. 7). ceach alinost the whole way around 
the trunk, Neither epicardial tube nor rudimentary 
buds were detected. 

Remarks Quoy and Gaimard (1834) described 
Aplidie pedunculata trom Western Port (Victoria) 
and King George Sound (Western Australia), 
Subsequent authors, including Herdman (1886), 
recognised it as a species of the genus Speezod 
{> Colella), but mistook specimens ol the Antaretic 
S. sigillinoides Lesson, 1830 for Quoy and 
Gaimard's. species. Accordingly, lor many vears, 
S. pedunculata was treated as a junior synonym 
of S. sigillinoides. The type material of S. 
pedunculata, from King George Sound was 
redeseribed by Caullery (1909) Although the 
shape of the colony could cause it to be mistaken 
for S. sigillinoides, larvae ol the latter species have 
a much longer tail. 

The short tail (relative to the Jong one of S. 
sivillinvides) led Kott (1972d) to regard 5. 
pedunculata as conspecific with S. renuicayliy (= 
S. pulchra). Sycezoa pedunculata is disunguished 
from S. pulchra by its more numerous male 
follicles, lack of root-like hairs on the base of the 
stalk and absence of the abdominal papilla. The 
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newly recorded specimens from Bass Strait and 
lasmania appear the same species as redescribed 
by Caullery (1909) from King George Sound. 
Western Australia, 


Sycozoa pulchra (Llerdmian, 1556) 
(Fig. 56. Plate 12e.d) 

Colella pulchra Herdman 1886, p. lUt; 1591, p. fll: 
TRON, p. 447 

Sveüzaa pulchra; Stuiter. 1909. p, 33. Not Van Nene 
1918. p. 142 (2 — Syeozea sz wadi), 

Colella tenuicaulis Herdman 1899, p, 64, 

Sveozoa tenuicaulis: Brewin, 1953. p. 57. Katt. 19573. 
p. 99: 19720, p. 8. Millar, 19632 p. 707. 

Sreozoa pedunculata: Kott T9726, p, 170. 19726, p. 2M, 
1976 p, 56, 1975, p. 2., 

? Sveozoa suillinoides: Michaelsen, 1930, p, 505 (pan 
specimens from Fremantle). 


Drs PRO ON 

New Reconos Western Australia (Dongarra. QM 
G9476, WAM 1001.83 Cockburn Sound WAM 9577 
226.73 102,75 224.82 1002.83. QM (9633. bFspernnee 
WAM 68.75), South Australia (Spencer Gull. SAM 
2032 E2034 -6 E2046. 7; St Vincent Gulf, QM GH216, 
SAM E2033: Kangaroo l.. QM G9999). Victoria (Bass 
Strait, QM GI2745 MV H449; Western Port, MV 
F53324 F53335) Lasmania (southeastern Tasmanin, 1M 
D723 D14172: d'Entrecasteaux Channel; FM. 1251 
DI803 DISS8; Roches Beach. TM D 1020: Okehampton 
Boy, I M DIKIS). Queensland (Moreton Bay, QM (4930 
65140 52; Townsville). 

In Moreton Bay (7 Km. Rous Channel), feeding trails 
of Duyong Hugon cul through crowded populations 
{about 2,000 heads per m^) of this species (A. Preen 
POTS COMME). 

Prerviovsry Rreor bri: Western Australia Millar 
I963a; ? Cockburn Sound Michaelsen 1930). South 
Australia (Spencer Gulf — Kon 1975; 51 Vincent Cnilf 

Kott 1972a; Investigator. Siran Kott 19728]. 
Victoria (Portland, Part Phillip Bay, Western Port Bay 

Millar 19634. Kott 1976), New South. Wales (Botany 
Bay, Broken Bay. Jervis Bay. Port Stephens. Port 
Jackson, Bermagui Herdman 1899, Brewin 1953, Kolt 
1957a. Millar 19634). Queensland (Moreton Bay — QM 
G4930 | G6148 9 Kott 19720). North Australia (Torres 
Sua Herdman 1886). Indonesia (Sluiter 1909), 


Discus 

LttpNAL Arprarancr; Zooids ate in about 
8 pairs of double row systems extending parallel 
to one another down the sides of vertical. oval 
or inverted cone-shaped heads, with the terminal, 
tree ends either lHattened or rounded. but always 
without zooids. Deep, V-shaped cloacal apertures 
open around the side of the upper margin ol the 
head. The stalk is narrow and never is less than 
4 times the length of the head, often much longer. 
A small colony from South Australia, with a head 
about l.5em long, has a stalk of Sem (SAM 
E2047), while one from Kangaroo L (QM G9999) 
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hic, 36, Syeozoa pulchra: a. colony (SAM E2047): b.c, juvenile and male zooids (SAM E2047): d. larva (QM 
69261); e, detail of larval adhesive organ showing stalked vesicles from epidermis of the adhesive organ stalks 
(QM G9261). Seales: a, Jem; b.c, 0. 5mm: d, 0.2mm; e, 0.05 mm. 


has a head Sem long with a stalk of 28cm and sometimes tufts of hair occur also at other points 
is the largest specimen known. A tuft of root- along its length. Often several stalked heads arise 
like hairs always is at the base of the stalk. and from a horizontal basal stolon with clumps of hairs 
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scattered along its length. One specimen (WAM 
102.75) has a much-branched stalk, each hranch 
with a small, oval head, and the main stem from 
which the branches arise has a tuft of roots at 
its base. The stalk is hard with a hard outer cuticle, 
but the test of the head is soft. Heads are often 
found flattened in preservative, but this could be 
an artefact of preservation resulting from their 
softness. 

Up to 50 functional zooids per row occur in 
the longer heads, although some of the smaller 
ones have less than half that number. At the base 
of the head small replicates, progressively 
becoming functional, are being added to the 
systems from the vegetative stolons in the stalk. 
Headless stalks are often collected (Spencer Gulf 
SAM E2035-6 collected in November; Moreton 
Bay QM G5178 collected in October). 

Living colonies from Torres Strait were reported 
as red (Herdman 1886), as are photographed 
colonies in Cockburn Sound (QM G9633). 
Specimens from New South Wales were reported 
as ‘yellow, grey, slate, dark purple-brown and dull 
pale purple' (Brewin 1953, p. 57), however it is 
not clear that these colours are found in living 
specimens, although specimens from Moreton Bay 
are blue. Photographed specimens from South 
Australia are white to yellow with a red tinge. 

INTERNAL STRUCTURE: Zooids without mature 
gonads are only about 2mm long when the 
abdomen, which is relatively small, is folded up 
horizontally behind the thorax as it so often is, 
even in the small vegetative zooids. The branchial 
aperture has a smooth margin. The atrial aperture 
is wide and asymmetrical, with a pronounced 
upper lip. Muscles are fine, and present only 
around the apertures. There are 16 stigmata in 
the anterior pair of rows and 14 in the posterior 
rows. The most conspicuous feature of all the 
examined material of this species is the wide knob- 
like papilla projecting from the body wall, just 
above the pyloric end of the stomach. 

The oesophagus usually makes a right-angled 
bend before opening into the horizontally oriented 
stomach, which is wide anteriorly and tapers to 
its pyloric end before narrowing abruptly to the 
intestine. The intestine with the rectum forms a 
continuous cylindrical tube. Gonads are at the side 
of the gut loop, projecting from it. Thus, when 
the gut loop is horizontal, the mature gonads 
project behind it. However, gonads do not project 
behind the pole of the gut loop. The mature testis 
contains 4 to 6 long follicles, parallel to one 
another forming a barrel-shaped clump with its 
longitudinal axis at right angles to the longitudinal 
axis of the gut loop. The short vasa efferentia 
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joining the male follicles to the vas deferens are 
at the distal end of the follicles — the parietal 
end distant from the gut loop. The vas deferens 
makes the usual posterior loop before extending 
anteriorly, down the length of the testis to the 
rectum. The vas deferens and the rectum extend 
together to the atrial cavity. Mature ovaries have 
about 3 eggs. 

In upper Spencer Gulf, heads have been 
observed to detach from the stalks in early 
summer, another head regenerating the next 
winter (Shepherd 1983). However, this timetable 
is not universal, for in other colonies from South 
Australia gonads are mature in November (SAM 
E2033) and January (SAM E2034 E2046-7); and 
embryos occur in the last two specimen lots. In 
the Tasmanian material embryos occur in July 
(TM D1815) and December (TM D1172), and 
maturing ova in October (TM D1803). In the 
western Australian material mature gonads occur 
in February (WAM 68.75) and November (WAM 
1002.83). In Moreton Bay (Queensland), the 
gonads are mature in July (QM G5150-2) and 
September (QM G6148) and embryos occur in 
April (QM G4930) and July (QM G5151). Thus 
in South Australia sexual reproduction may occur 
throughout the summer — from November to 
February, the heads detaching from early summer 
to autumn. The existence of sexually mature 
colonies in April to September in Moreton Bay. 
suggests a different pattern in the tropics. 

From 2 to 8 embryos occur in the brood pouches 
and half of these are either embryos at an early 
stage of development or unfertilised eggs. 

Larvae are large, the trunk being 1.2mm long. 
However, the tail is short, wound only alittle more 
than halfway around the trunk. There is an otolith 
but no ocellus in the cerebral vesicle. The branchial 
sac is well developed, with 20 stigmata in the 
anterior rows and 18 in the posterior rows — 4 
more in each row than in the adult zooids. The 
3 smooth, elliptical stalks of the adhesive organs 
diverge from one another from the ventral part 
of the thorax of the oozooid. They contain a 
conspicuous internal extension of the larval 
haemocoelic cavity, a layer of ectoderm and a thick 
layer of test. Cilia-like extensions run through the 
test from the ectodermal cells. These have small 
terminal expansions at the outer surfacc of the 
test. The axial cone of adhesive cells surrounded 
by its ectodermal cup and topped with a large 
hyaline cap is at the end of each stalk. A long 
extension from the posterior end of the left side 
ofthe abdomen ` theleft epicardial sac — extends 
forward to lie amongst thc stalks of the adhesive 
organs. lt is narrow proximally and expands 
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toward the anterior (distal end), There are 3 
rudimentary buds lying in the larval test around 
the base of this sac, which, presumably, continues 
iis development after the buds separate from it, 

Remarks: The range of this species appears 
continuous from Western Australia across the 
temperate southern coast to Moreton Bay and 
‘Townsville. Consequently there is no geographic 
reason why S. tenuicaulis and Ñ. pulchra (from 
Torres Strait) should be considered distinct. ‘The 
basal stolon (uniting stalked heads) which 
Herdman (1899) believed characteristic of S. 
tenuicaulis occurs in temperate as well as tropical 
populations. Further, the abdominal papilla from 
the body wall over the pyloric end al the stomach, 
which Herdman (1886) first reported for S. 
pulchra, is present in all the examined specimens. 
It appears a reliable taxonomic character support- 
ing the synonymy of S. pulchra and S. renulcaulis. 

A similar papilla is present in S. Kanzayi (Oka, 
1930) from Sagami Bay, This species, although 
apparently related, is separated from S. pulchra 
by the presence ol a single terminal cloacal 
aperture (Tokioka 1953). The size differences 
relerred to by Tokioka (1953) and Millar (1975) 
are not significant, but attributable to zooids and 
colony of the type specimen of S. pulchra coming 
from the lower end of the range for the species. 

Tokioka(1953) believed the papilla in S. kgqnzasi 
an incipient bud. However there is no indication 
of budding. In the examined specimens of 5, 
pulchra the structure seems a thickening of the 
ectoderm that is inserted. into the test. It may be 
this device that keeps the gut loop horizontal in 
this species and in S. Aanzast. 

Kou (1972e) suggested thal S. sigillinaides: 
Michaelsen 1930 from Cockburn Sound is a 
synonym of S. pulchra (> 5S. pedunculata: Koti 
1972c). This is probable. Sveozoa pulchra, but not 
S. pedunculata, is common in Cockburn Sound 
(sce New Records, above). 

The single specimen Sycozoa pulchra, Van 
Name, 1918 from the Philippines has a thicker 
stalk than is usual for this species, and lacks the 
papilla on the abdomen. It may not be correctly 
assigned to S. pulchra and probably is a juvenile 
specimen of S. seiziwadui, 

Che features which together characterise the 
present species are its knob-like papilla on the 
abdomen, root-like hairs al the base of the stalk, 
long, leathery, narrow stalk, small oval to inverted 
conical head with the cloacal apertures around 
the outer margin of the top of the head, relatively 
lew male follicles, horizontally oriented abdomen, 
short-tailed larva, unusual eilia-like extensions 
trom the ectodermal cells of the stalks of the 
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adhesive organs, and long, conspicuous epicardial 
sae in the larval trunk. Herdman (1899) recorded 
8 lobes 1n the testis of the type material of S. 
tenuicaulis, No more than 6 and often only 4 male 
follicles have been detected in the course of the 
present study, Further Herdman reported the 
position of the gonads as behind the gut loop. 
This is not absolutely accurate — gonads are 
always al the side of the gut loop and are posterior 
to it only when the abdomen is bent at right angles 
to the thorax, placing the gut loop horizontally, 

The closest known relative of the present species 
is S. brevicauda n. sp. which also has root-like 
hairs at the base of a narrow stalk, a conspicuous 
epicardial sac in the larva and similar extensions 
from the ectodermal cells of the stalks of the 
adhesive organs. However in N. brevicauda the 
head is flattened and fan-shaped, there are more 
numerous mule follicles, no papilla on the 
abdomen, the larval trunk ts hall the length of 
that of S. pulchra, and its tail is shorter than that 
ol the present species, 


Sycozoa seiziwadai Tokioka, 1952 
(Fig. S7a,h) 
Sycozoa seiziwadai Tokioka, 1952, p. 99. Millar, 1963, 
p. 708; 1975, p. 223, 
Sveozou cerebriformis: Harlmeyer. 1919, L intermedia 
p. 121 
Sycozoa pedunculata. Kou, 19724, p 243 
? Svcozoa pulchra; Van Name, 1918, p. 142, 
? Syeozoa Y sigillineides: Manniat, 19X8, p. 199. 


Dis REY TION 

New Rrcokgos Western Australia (Port Hedland, 
WAM 189.87. Dampier Arehipelage, WAM 1050.83; 
Cape Preston WAM 802,83), Queensland (Swain Reels, 
AM ¥ 2144) Northern Territory (Darwin, QM GH4219H, 
WAM 108.75). 

Purviovsiv Recogprp: Western Australia (Broome, 
Holothurian Banks, Bassert Smith Reef — Millar 196327 
Cape Juobert — Hartmeyer 1919). New South Wales 
(Cronulla Kot 1972d). Arafura Sea (Tokioka 1952). 
Philippines (Millar 1975, ? Van Name, 1918). 

The record of its oceurrenee at Cronulla, NSW, is 
anomalous [or this species in view ol ils otherwise 
exclusively tropical range, t ia recorded subtidally to 
40m. 


DESCRIPTION 

External ArrrARANCH: Colonies consist. ol 
thick (up to lem diameter) branching stalks, the 
relatively short terminal branches cach expanding 
into a short drum- to lan-shaped 7ooid-bearing 
head, circular to oval or elliptical in section, and 
absolutely flat on the upper surface. The whole 
colony is firm and gelatinous, Ihe upper surface 
of the 200id-bearing heads is often indeuted where 
the cloacal apertures open around the margin. 
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Adjacent heads sometimes fuse with one another 
near the upper surface where they touch, 

Zooids are arranged in parallel vertical rows, 
one each side of a cloacal canal, with from 10 
to 15 functional zooids per row and upto 16 double 
rows per head. 

The collector has noted that the newly recorded 
specimen from Darwin (QM GH4218) was orange 
with yellow spots and some black in the colony. 
Faint traces of the vellow spots are present in thc 
surface test of the preserved colony. 

INTERNAL STRUCTURE: Zooids are about 3mm 
long with the thorax and abdomen of about equal 
length. The branchial aperture has a few, minute, 
pointed papillae around its border and a thin band 
of circular muscles. There are also the usual fine 
muscle bands around the atrial aperture. The large 
atrial aperture has the usual asymmetry. The 
branchial sac has 14 stigmata in the anterior pair 
of rows and 12 in the posterior pair. The stomach, 
which is slightly smaller than usual in this genus, 
is more or less vertical, as is the whole gut loop. 
The stomach is wide at its anterior end and tapers 
gently toward the pyloric end where it abruptly 
narrows. The intestine and rectum together form 
a cylindrical tube of even diameter. The gut loop 
is relatively long and narrow. A gastric reservoir 
was not detected. 

Gonads are encloscd in the gut loop toward 
its posterior end where they protrude slightly from 
the right side. All the mature heads of the available 
colonies are male. One from Western Australia 
(WAM 1005.83) was collected in October and one 
from the Northern Territory (QM GH4218) in 
August. The testis consists of 6 long follicles 
forming a barrel-shaped clump, with the short vasa 
efferentia from each follicle joining the vas 
deferens at the distal end. The vas deferens makes 
a posterior loop before extending anteriorly along 
the rectum to the atrial cavity. 

One embryo per brood pouch occurs in 
specimens from north-western Australia (Millar 
19632). In these larvae the trunk is relatively short 
(0.6mm) and the tail is wound almost completely 
around it. Stalks of adhesive organs are wide with 
a large cone of adhesive cells, which, in its 
epidermal cup, is depressed into the end of the 
stalk. Three rudimentary buds are in the larval 
test. 

Remarks: The colonies of this species have 
similar fleshy stalks to those of S. cerebriformis. 
However, they are longer than in S. cerebriformis 
and are always branched. Thc zooid bearing part 
although often flat is not ribbon-like and pleated 
as in S. cerebriformis, although the tendency for 
the heads to fuse also occurs in S. cerebriformis 
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(see Herdman 1899). Other differences are 
discussed above (see S. cerebriformis). Larvae of 
the present species are significantly smaller and 
have a longer tail than those of other temperate 
or tropical species. 

Sycozoa cerebriformis: Hartmeyer, 1919 (f. 
intermedia) has the characteristically branched 
stalks of the present species, and the same flattened 
heads that fuse with one another. 

Sycozoa pulchra; Van Name, 1918 from the 
Philippines has the same shaped head and fleshy 
stalk of the present species and is very likelv a 
juvenile colony of this species. 

Sycozoa? sigillinoides: Monniot 1988 from New 
Caledonia is unlikely to be a specimen of the 
Antarctic species to which it has been assigned. 
Since its larva is the same as S. seiziwadae, it 
may be conspecific. 

Hartmeyer (1919), Michaelsen (1923) and Millar 
(1963a) compared characters of S. cerebriformis 
and S. seiziwadai with the South African S. 
arborescens Hartmeyer, 1912. The South African 
species has a terminal cloacal cavity with a central 
aperture, as in S, sigillinoides, thus it must be 
distinguished from S. seiziwadai and S. cerebri- 


formis. The branching stalk, each branch with a 


separate head, occurs in both S. arborescens and 
in the present species. 

The present species has a tropical, western 
Pacific range, not apparently extending into 
temperate waters — Cronulla, off the New South 
Wales coast being the most southerly record to 
date. 


Sycozoa sigillinoides Lesson, 1830 
(Fig. 57c,d. Plate 12e) 

Sycozoa sigillinoides Lesson, 1830. p. 436. Hartmeyer, 
1911, p. 534. Michaelsen 1924, p. 288. Salfi, 1925a, 
p. 2. Van Name, 1945, p. 151. Arnbàck, 1950, p. 29. 
Brewin 1952b, p. 190; 1953, p. 56. Kott, 1954, p, 155; 
19572, p. 99: 1969, p. 26; 1971, p. 18. Millar, 1960, 
p. 71; 1982, p. 12. Not Michaelsen, 1930, p. 505 (? 
< Svcozoa pulchra, S. pedunculata). 

Colella sigillinoides: Michaelscn, 1907, p. 43. 

Sycozoa aff. sigillinoides: Hartmeyer, 1911, p. 489. 

Sycozoa ( Colella) sigillinoides: Hartmeyer, 1912, p. 313. 

Aplidium pedunculatum: Cunningham, 1871, p. 490. 

Colella pedunculata: Herdman, 1886, p. 74. Pfeffer. 
1889, p. 4(40); 1890. p. 499. Sluiter, 1900, p. 5; 1906, 
p. 6. Not Caullery, 1909, pp. 30, 39 (< Syrozoa 
pedunculata). 

Colella quoyi: Harant and Verniéres, 1938, p. 6. 

Sycozoa quoyi Kott 1954, p. 157: 1957c. p. |. 

Colella ramulosa Herdman, 1886, p. 120. Michaelsen, 
1907, p. 53. 

Colella umbellaia Michaelsen, 1898, p. 371; 1907, p. 54 
f. typica, p. 59 f, kophameli. Caullery, 1909, p. 53. 

Svcozoa (Colella) umbellata: Sluiter, 1919, p. 12. 
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Fic 57, Sycozoa seiziwadai (QM GH4218,; a, colony; b. male zooid. Svcozoa sigillinoides (QM G10148): c, zooid; 
d, larva. Scales: a, 5mm; b,c, 0.5mm; d, 0.1 mm. 
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Colella perrieri Caullery, 1909, p, 33. 
Sycozoa perrieri: Hartmeyer, 1909-11, p. 1439. 


DISTRIBUTION 

New Rrconps: South Australia (southern part of 
Spencer Gulf, QM GH4171). Tasmania (St. Helens, QM 
G10148; Montague I., AM G13077). 

PnRrviousi.Y Recorpep; Antarctic and Sub-antarctic 
(circumpolar, and north to Magellanic area, Falkland 
Is. Kerguelen, Heard and Macquarie Is., Chatham 1., 
— see Kott 1969). New Zealand (Michaelsen 1924, 
Brewin 1952b). 

Specimens from Cockburn Sound, Western Australia, 
assigned to this species by Michaelsen (1930) are 
probably of Sycozoa pulchra as this is the only species 
now known to occur there. The records from Albany 
and King George Sound (Western Australia) may be 
either S. pulchra or S. pedunculata (type locality). 

Records of this species from the tropical Atlantic 
(Michaelsen 1907) and the tropical Pacific (Michaelsen 
1924) Oceans are of isolated heads in the plankton. The 
tendency for the heads to separate from the stalks and 
float in the plankton may contribute to the wide 
geographic range of the species. 

The northern limit of the recorded range of this 
Antarctic species is off South Australia. However, 
records from Australian waters are rare, and so far the 
only other Australian localities from which the species 
has been taken are off Tasmania. 

DESCRIPTION 

ExrERNAL APPEARANCE: Colonies consist of 
more or less oval heads (up to 2.5cm long and 
lem in diameter) on long, thin and hard stalks. 
Stalks taper toward the base where they spread 
slightly to form leathery holdfasts. Zooids are in 
parallel double-row systems down the side of the 
head. The cloacal canals open around the central 
test core at the top of the head and the outer 
test is sometimes folded in to cover them, often 
leaving the central core slightly protruding. In 
some colonies (QM GH4171), however, the test 
core at the top of the head is disintegrating, 
depressed and porous, leaving the zooids 
embedded in longitudinal ridges of the outer layer 
of test that project into a central cavity to which 
the cloacal canals and the atrial apertures of the 
zooids are exposed (as in Š. cavernosa n. sp.). 

Many of the colonies have branching stalks, 
with a separate head at the end of each branch. 
Millar (1960) believed these multiple colonies to 
have developed following regeneration from 
persisting stalks. 

Living colonies from Tasmania (QM G10148) 
were orange. In preservative they are cream and 
one specimen (AM G13077) has orange pigment 
spots in the surface test. 

INTERNAL STRUCTURE Zooids are relatively 
large (4 to 5mm long). The branchial aperture has 
3 or 4 frills around its ventral side that may appear 
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to be lobes, but actually result from contraction 
of the branchial sphincter muscle. The whole 
dorsal border of the aperture is often produced 
into a large, delicate lobe, into which the muscles 
of the sphincter spread. The atrial muscles extend 
out in a similar wide arc in the large, rounded 
border of the wide atrial aperture, The atrial 
opening is asymmctrical exposing most of the 
branchial sac on one side of the body. No muscles 
are on the thorax except the fine ones around 
the apertures. 

There are from 16 to 26 stigmata per row, the 
number increasing with the size of the zooids. 
Small vegetative zooids at the top of the stalk 
have 16 stigmata in the anterior rows. In one of 
the newly recorded specimens (QM G10148), 
which has the maximum number of stigmata, and 
appears an old colony, the pairing of the rows 
of stigmata, even in the small vegetative zooids, 
is not as conspicuous as it usually is, the third 
and fourth rows being more conspicuously 
separated ventrally than the second and third rows. 

The gut loop is usually vertical: The large 
brownish stomach is about halfway down the 
abdomen. lt does not reduce in diameter much 
toward its pyloric end, but it narrows abruptly 
before opening into the intestine. The intestinal 
loopis relatively short and the intestine and rectum 
form a continuous cylindrical tube. Millar (1960) 
observed a mid-intestinal enlargement but this is 
not apparent in the present material. 

Gonads are at the side of the gut loop, and 
when mature project from it. Although they are 
in a sac, it does not have a constriction separating 
it from the abdomen. Mature gonads are present 
in both newly recorded specimen lots, collected 
in April (from South Australia) and October (from 
Tasmania). Ovaries contain about 10 eggs and 12 
to 18 wedge-shaped male-follicles crowd into an 
almost spherical clump with thc vas deferens 
originating at the outer end of the clump and 
making the usual posterior loop beforc extending 
anteriorly on the rectum. Colonies are dioecious. 
From 6 to 16 embryos and eggs are in a long 
brood pouch curved at the end. Embryos are lined 
up with their longitudinal axis across the brood 
pouch instead of being end to end with their 
longitudinal axis parallel to its length. 

Larval trunks are from 0.4 to 0.76mm (see Kott 
1969) and the tails are wound one and a half times 
around the trunk. They have large cones of 
adhesive cells rising from the base of the 
ectodermal cups in the 3 triradially arranged 
adhesive organs. These are depressed into the tip 
of the wide stalks (of the adhesive organs) which 
form an inflated annular base to each cone of 
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adhesive cells. There is an otolith but no ocellus 
in the cerebral vesicle. 

Remarks: The characters that separate this 
species from all others in the genus are its larger 
zooid with more stigmata, larger gonads with more 
wedge-shaped male lobes and eggs. and more 
embryos in the brood pouch. The cloacal opening. 
which comprises a significant distinction from 
most other species, is difficult to interpret, 
especially when the terminal part ol the head is 
disintegrating. However, when this happens, the 
openings of thc cloacal canals appear drawn down 
inside the head. and the atrial openings are 
exposed to the inner chamber rather than directly 
to the exterior as they are in most other species 
of the genus, except in S. cavernosa n. sp. In the 
latter species the cloacal cavity in the centre of 
the head indicates a relationship to S. sigillinoides. 

Sycozoa pulchra and S. pedunculata superfi- 
cially resemble the present species, but are 
distinguished by their separate cloacal apcrtures 
and their short-tailed larvae. The larva of S. 
sigillinoides, like that of S. murrayi has relatively 
large cones of adhesive cells and a long tail. 


Family STOMOZOIDAE new family 


The family is erected to accommodate a single 
genus Stomozoa Kott, 1957b. formerly regarded 
as a member of the Clavelinidae, The genus has 
6 fringed lobes around each aperture. Pigment 
spots (possibly ocelli) are present at each side of 
the base of each of these lobes. A wcll developed 
siphonal velum in each siphon projects outwards 
to form a conical structure with a terminal 
aperture. There are numerous stigmata and wide 
transverse vessels, but no internal longitudinal 
vessels. Long vascular stolons, occasionally 
branching and terminating blindly in the firm test, 
lack both a mesodermal septum and terminal 
ampullae. Longitudinal muscles extend from the 
apertures and converge into a strong longitudinal 
band along each side of the ventral mid-line of 
thorax and abdomen. Relatively small gonads are 
in the gut loop, the testis with pear- to club-shaped 
lollicles, and the ovary containing only one or 
at most 2 eggs. 

The gonads of this genus oftcn are difficult to 
see. Those of the 2 new Australian species and 
the 2 previously described are similar (Millar 1955, 
Kott 1957b). Millar (1977) reports 'spent gonads' 
in the Brazilian material of S. roseola. However. 
his figure suggests the small group of male follicles 
reported may be part of the mass of tangled tubules 
of the pyloric gland present in the same position 
in the newly recorded Australian material. The 


MEMOIRS OF THE QUEENSLAND MUSEUM 


ovary of S. murrayi: Monniot, 1988 has more eggs 
than the onc or 2 usually found. Only a singlc 
large embryo has ever been found in thc atrial 
cavity of a Stomozoa sp. Larvae of Stomozoidae 
have triradially arranged adhesive organs, 2 dorsal 
and one ventral, each with a wide and shallow 
axial cone in an epidermal cup. The test is firm 
and gelatinous throughout. 

Kott (1957b) assigned the genus Stomozoa to 
Clavclinidae, believing the smooth border of the 
muscular velum homologous with the smooth- 
rimmed apertures of that family. However, the 
pigment spots at the base of the lobes around the 
outside of the apertures suggests these fringed 
lobes are more likely homologues of the lobed 
apertures of Diazonidae. Clavelinidae are further 
distinguished by their soft and flaccid thoracic test, 
larger ovaries, more numerous embryos incubat- 
ing in the atrial cavity, and longitudinal thoracic 
muscles that extend postero-dorsally (rather than 
postcro-ventrally as they do in the present family). 
Although they lack the clavelinid frontal plate the 
larvae are generally more like Clavelina larvae 
than those of Distaplia (see also Millar 1977). 

The present family does not appear closcly 
related to the Holozoidac. The vascular stolon 
lacks an epicardial septum and any sign of 
vegetative zooids developing from the narrow 
vascular stolon as in Holozoidae. Thus it is 
possible replication could be by transverse division 
of the zooids as in Diazonidae and Polycitoridae. 

Stomozoidae are separated [rom Diazonidae by 
the absence of internal longitudinal branchial 
vesscls, large viviparous larvae, and firm test over 
the upper thoracic part of the colony. 

Their closest relatives may be Polycitoridae, as 
zooids of both have broad ventral muscle bands 
in the abdomen and a long oesophagus. Stomo- 
zoidac are separated from the latter family by the 
long vascular stolon and larvae with triradially 
arranged adhesive organs. 

Kott (1981) in discussing the relations of 
Euherdmania digitata, and E. dentatosisphonis, 
the latter species with fringed lobes around the 
apertures similar to thosc of the present lamily, 
thought both may be synonymous with Stoniozoa 
roseola (Millar, 1955), However, Millar (1977) had 
already considered these relationships, and 
concluded that the presence of gonads in a 
posterior abdomen and incubating embryos in the 
abdomen characteristed Euherdmania as distinct 
from Stomozoa. Othcr featurcs distinguish these 
two genera. In particular, Euherdmania has 
tubular larval adhesive organs, a folded stomach, 
separate zooids and lacks a vascular stolon. 
Further, although ocelli are in the centrc of the 
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lobes around the apertures of Euherdmania they 
are not at cach side as they are in Stomozoa. Thus, 
it appears Euherdiania and Stomiozod arc not 
closely related aad the [ringed lobes around tbe 
apertures of some Euherdmania species may not 
be homologous with the similar ones in Sromozoa. 

The small ovary and few large embryos 
produced in the known species ol the present 
family suggests it has a long evolutionary history 
as a colonial organism. Available evidence offers 
no alternative to the hypothesis of early isolunon 
from a diazonid ancestor. possibly in common 
with Polycitoridae, the latier family diverging 
from Stamozoidae with loss of the ocelli around 
the apertures, reduction in size ol znoids and 
larvae, und acquisition. ol median (rather than 
triradial) arrangement of Jarval adhesive organs. 


Genus Stomozoa Katt, 1957 


[ype species: Sfamezod murrayi Kott, 1957b (< 
Clavelina roseola Millar, 1955). 


Since Stomozoidae is monotypic. the generic 
characters atc also those of the family. 

] here are 3 species. The type species is known 
from a remarkably wide, albeit tropical, geogra- 
phic range. viz. the Brazilian and Guyana Shelves 
(+ Diazona gigantea, Monniot, C.. 1970; S. 
murravi: Millar 1977, 1978), South Africa 
(Clavelina roseola Millar, 1955; S. murray: Millar 
1962), New Caledonia (S, murrayi Monniot, 1988) 
and the Red Sea (S. murrayi Kott. 1957b). No 
apparent morphological dillerences in specimens 
from these locations exist to indicate speciation 
in either. adult colonies 01 zooids, Larvae are 
known only from Brazilian populations. Only a 
single larva is produced at a time by each zooid. 
Accordingly, the strategies for gene flow are not 
apparent. Both Australian species described below 
appear indigenous. one a temperate species 
recorded on a number of occasions from the Great 
Australian Bight, the other (from the tropics) 
recorded once [rom Heron l. and 4 times from 
the north-western coast. Both species have fewer 
stigmata in the adult zooid than Ñ. roseola, but 
otherwise are similar to it. Larvae, known from 
both, are only half the size of the larvae of S. 
rascola. 


Stamozoa australiensis n,sp. 
(Fig. SR. Plate 121) 
stR tion 
Tore Locsias South Australia (Topgallant E Great 
Australian Bight. Sni. call, S.Shepherd 29.3.82. holotype 
OM GIH974; Ward L. Great Australian Righi, chtis sod 
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caves, Om, coll. S.Shepherd, 12.4843, piralvpes, QM 
Gll946 6102392). 

Freier Recowos, South Atsirnbn (Great Aastral- 
ian Bight, OM GH13001, 


Orscripnon 

Exinunar Arerakance: Colonies are up to 
Acm high, and consist of numerous translucent, 
almost spherical heads up to 1.5em in diameter, 
with. slightly narrower. opaque stalks joined to 
onc another basally. The internal test is firm aud 
translucent throughout. Same patches ol orange 
pigment cells ure around the zooids, and minute 
(002mm) morula bodies are evenly scattered 
through the test about 0.05mm apart. These are 
nat calcareous. In expanded colanies the large. 
fringed lobes around the upcitures of tlie z0uids 
protrude trom the upper surlisce, and sometimes 
the whole anterior partion of each zooid projects. 
When cooids are withdrawn the upper surface of 
the colonies is Hat, Living colonies are deserihed 
us bright pink, although photographs do noi 
confirm that description, some variation is likely, 
Colonics arc white in preservative. Epibionts grow 
amongst the stalks — in one catony a botryllid 
adheres closely to the test of the stalk. 

INTERNAL Strucrure; Zooids, tightly enclosed 
in the firm test, are difficult 10 remove. When 
contracted they are about lem long. The 6 
characteristic lobes around each aperture arc sub- 
divided into 5 or 6, cach subdivision with a 
terminal narrow point, Orange ocelli are at each 
side of the base of each of the lobes, Tite fringed 
lobes fit into corresponding lobes ol the test, The 
median dorsal labe of the branchial aperture and 
the ventral lobe of the atrial aperture are larger 
than the others. On the thorax abaut 4 longitudinal 
musele bands from the branchial aperture and 
about 8 altogether from the intersiphonal space 
and atrial wperture extend toward the ventral 
border of the zooid where they join into the 2 
characteristic wide ventral hands extending the full 
length of the zooids ~ one on cach side of the 
ventral midline, The ventral bands extend almost 
to the posterior end ol the abdomen where thev 
terminate abrupily around the posterior vascular 
stolon where it emerges from the ventral side al 
the abdomen. In most specimens the strong 
contraction ol the ventral muscle bands has drawn 
the proximal end of Ihe vascular stolon away tram 
the üp of the abdomen 10 just. opposite. the 
stomach, Anteriorly, the muscles extend into the 
muscular velum around each aperture. The fringed 
labes themselves do nol contain conspieuuus 
muscles. About 40 fine branchial tentacles are 
behind the base of the branchial velum. Fhorsces 
of these specimens are sp contracted that t was 
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Fic, $8, Stomozoa australiensis psp.: a, general shape of colony (paratype QM GH946), b, single lobe of a 
colony with zooid openings distended (holotype QM G H974): e. branchial lobes surrounding muscular aperture 
through which the tentacles are protruding (holotype QM GH974): d. zooid from dorsal surface (paratype 
QM GH2392); e, abdomen showing branches of pyloric gland, ovary surrounded by minute male follicles, 
and the heart (paratype QM G11946); f, larva (paratype QM GH946). Scales: a,b, 2mm; c.f, 0.2mm: d.e, 0.5mm. 
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not possible to determine whether the tentacles 
were in one or more than one circle. The opening 
of the neural gland is circular. 

Twelve to 14 rows of long, narrow stigmata, 
with about 30 per row, are separated from one 
another by wide transverse membranes. Dorsal 
languets are wide and dorso-ventrally flattened 
where the transverse vessels cross the dorsal sinus. 

The oesophagus is long, but often is wrinkled 
owing to contraction of the body muscles. The 
stomach, in the posterior end of the abdomen, 
has 6 fine ridges interrupting the glandular lining. 
An oval posterior stomach is in the descending 
limb of the gut loop, separated from the stomach 
by a narrow mid-intestine, usually also obscured 
by contraction. The anus opens at the base of 
the atrial cavity. The pyloric gland from the distal 
end of the stomach divides into numcrous 
branched tubules that encircle the ascending limb 
of the gut from opposite the stomach to about 
halfway up the abdomen. A one-egg ovary with 
apparently a largc polar body is on the right sidc 
of the gut loop. The testis, beneath the ovary, 
consists of pear- to club-shaped follicles. Fine- 
branching vasa efferentia converge to the base of 
the vas deferens. There is often a mass of minute 
cells and granular material (that may be associated 
with the vegetative process) in the loop of the gut 
and around the outside of the posterior end of 
the intestine. This material obscures the gonads 
and the pyloric gland. 

In one specimen lot (QM GH946) a single large 
embryo is in the atrial cavity. The larval trunk 
is almost spherical, Imm in diameter. Three 
rounded ampullae project between the triradially 
arranged adhesive organs. Each adhesive organ 
has a wide axial protrusion in an epidermal cup. 
The tail is wound slightly more than halfway 
around the trunk. The larval test like that of the 
adult colony is tough, white and almost opaque. 

Remarks: The species is distinguished from 
Stomozoa roseola (Millar, 1955) by its small 
number of rows of stigmata, S. roseola from the 
Brazilian Shelf having 26 to 32 rows with up to 
60 in a row (Kott 1957b, Millar 1977), and 
specimens from the Guyana Shelf having 19 or 
20 rows (Millar 1978): and by the size of the larvae, 
that of S. roseola (2mm trunk diameter) being 
about twice the size of the present species, The 
adhesive organs of the present species are the same 
as those of S. roseola. The rounded swelling Millar 
(1977) observed on the top of the central knob 
of cells in the adhesive organs may be a hyaline 
cap as in Distaplia larvae (see Cloney 1977). It 
is not present in the larvae of S. australiensis from 
South Australia. Otherwisc the species are 
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remarkably similar — the colonies, muscle bands. 
gut and lobes of the apertures all being identical. 
Spicules in both Red Sea and Brazilian specimens 
of S. roseola are not present in S. australiensis. 
Differences between the 2 Australian species are 
discussed below. 


Stomozoa bellissima n.sp. 
(Fig. 59. Plate 12g) 
? Polvcitor aurantiacus: Hartmeyer 1919, p. 108. 
Not Atopogaster aurantiaca Herdman, 1886. 


DISTRIBUTION 

Tvprr Locatity Western Australia (Bundegi Reef. 
Exmouth, coll. N. Coleman 14.8.72, AMPI 74, holotype 
QM G9267), Queensland (Heron f., NE Point 3m. coll. 
D. Parry 1.11.85, paratype QM GH4918). 

Furtuer Rreorps. ? Western Australia (Cape 
Jaubert Hartmever 1919). 


DESCRIPTION 

ExTERNAI APPEARANCE: The holotype has a 
dome shaped head of about 3cm diameter set on 
a thick stalk of only slightly less diameter. The 
stalk scparates into 4 branches, 2 of which fuse 
with one another basally to form a thick loop. 
The head and stalk each occupy about half of 
the total height (4cm) of the colony. The test is 
firm but gelatinous throughout, that on the head 
being translucent, while the outer surface of the 
stalk is opaque and brownish. The paratype colony 
is smaller (containing only 8 zooids) with test 
projecting from the upper surface over the anterior 
ends of the zooids. As in the holotype, the test 
becomes firmer toward the base where the 
diameter of the colony is reduced to form a 
relatively narrow stalk. Zooids are rather sparsely 
distributed. They open all around the head and 
converge in toward the centre and base of the 
colony. In both specimens they are contracted and 
withdrawn from the surface. The internal test is 
firm and contains the long vascular appendages 
of the zooids irregularly criss-crossing one 
another. 

The test around the apertures is produced into 
hollow, fringed lobes, which accommodate the 
lobes of the body wall around the apertures of 
the zooids. The living specimens have a clear test 
with poppy red zooids (QM GH4918) or the colony 
is a pink colour throughout (QM G9267). 

INTERNAL STRUCTURE: The contracted zooids 
are robust and about lem long, although in their 
extended condition they may bc up to twice this. 
The body wall is muscular and siphons and 
thoraces are contracted in both newly recorded 
specimens. The branchial aperture is terminal, and 
the atrial aperture is up to two-thirds of the body 
length distant from it. The branchial apertures 


160 MEMOIRS OF THE QUEENSLAND MUSEUM 


Fic. 59, Stomozoa bellissima n.sp.: a, zooid (holotype QM G9267). b, colony (holotype QM G9267), c,d, lobes 
of branchial aperture (holotype QM G9267); e, colony (paratype QM GH4918); f, zooid (paratype QM GH4918); 
g, larva (paratype QM GH4918). Scales: af, Imm; b,e, Smm; c,d, 0.2mm, g, 0.5mm. 
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open below the atrial apertures on the surface of 
the colony, and the dorsal surface of each zooid 
iy Just bencath the surface test. 

The border ol each aperture is deeply divided 
into 6 flaps or lobes, each subdivided along its 
siraight or rounded outer edge into a fringe af 
a variable number of rounded or pointed 
projections — about 4 on the atrial lobes and up 
to 8 on the branchial lobes. 


Both. apertures of the zooids in the holotype 
colony are transverse. [he branchial opening has 
its 3 largest lobes on the dorsal rim, and in living 
specimens these probably direct the opening 
downwards toward the substrate. Four larger 
lobes are on the posterior rim of the atrial siphon 
whieb in some of these eontraeted zooids folds 
up anteriorly against the zooid. eovering the 2 
lobes on the anterior rim, Each of the projections 
au the outer fringe ol each lobe has a small orange 
pigment spot in the centre. Also à earnspiciaus 
spherical patch of pigment (possibly an ocellus). 
yellow in preserved speetmens, i5 on each side ol 
the base of the primary lobes. The fatter pigment 
spots oceur in pairs. caeh located close to its 
partner on the adjacent lobe. Those on the 3 large 
dorsal lobes of the branchial aperture and 4 
posterior lobes of the atrial aperture are larger 
than the others, The muscular velum characteristic 
al this genus is inside eaeh aperture. 

A strong band of circular muscles surrounds 
euch aperture, longitudinal muscle bands radiate 
from cach siphon, but the most numerous muscle 
hands (at least 15) ure those chat extend across 
the dorsal surface between siphans All longitud- 
inal muscles converge toward the ventral surface 
to l'orm 2 wide bands extending the whole length 
af the hody, one un each side of the mid-ventral 
linc; Some intersiphonal muscles extend across the 
dorsal surface just behind the branchial siphon 
and in front of the atrial siphon. On the ventral 
side of the branehial siphon. longitudinal bands 
can be seen radiating away from ins base 

About 40 crowded branchial tentacles are of 
various sizes, but all relatively long and slender, 
Phe tetingular dorsal languets on the dorsal sinus 
have long points, The thorax is wide, with 14 or 
15 rows ol about 40 stigmata and wide transverse 
vessels between the rows. 

The oesophagus is long, opening into the rather 
narrow stomach about two thirds ol the distance 
down the abdomen. The stomach has a sulure- 
line, but although it may he callupsed and appear 
lulded there are no structural grooves or folds 
tits wall. A wide duodenal area. a narrow, curved 
mid-intestine and a longish oval posterior stomach 
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are also in the descending limb ol the gut loop. 
and the reelum occupies the whole ol the ascending. 
limb. A cireulai nisse of long, almost elub-shaped 
male follicles converge into the centre to join the 
vas deferens on the right side of the gut. loop. 
A small sac-like ovary with one or2 ova ts outside 
the male follicles. 

A long, line, vascular appendage, with a lew 
muscle fibres extending along it. projects from the 
left side of the pole of the gut loop. These vessels 
have 2 channels, but no mesodermal septum. | hey 
resemble the test vessels of Phlebobranehia. They 
do not run parallel to ane another. but criss-cross 
m the internal test of the colony. 

The specimen from Heron L eolleeted. in 
November has a single larva in the atrial cavity 
Its trunk is oval, Imm long, and the tail is wound 
about hallway around the trunk. The triradially 
arranged. adhesive organs are the usual sessile 
shallow depressions with an axial cone. Short 
ectodermal ampullae alternate with the adhestve 
organs. 


RiwAkKS. The species differs from the otter 
Australian species of ts genes (GN. australiensis 
Nesp.) in tts posteriorly positioned atrial aperture 
the more numerous museles hetween the siphans, 
the snioctli rather than rulged internal lining ol 
the stomach and oval rather than spherical larval 
irunk, 


The colony ol the present species is not broken 
up imp separate lobes as that of S. ausiraliensty. 
although this could be a variable character, The 
species do have about the same number ol long, 
fine branchial tentacles and rows of stigmata and 
both have long testis follicles, the same arrange- 
ment ol their muscles, and dhe same small, sac- 
like ovary. 

Hartmevee’s specimens [rom north-western 
Australia are wrongly assigned to Palvera 
aurantiacus (Herdman, 1882) Irom Bass Siran 
Ihe Bass Strait species has a short vesophagus 
and a posterior abdomen, and belongs to 
Polyclinidae. Hartimeyer's specimens had numer- 
ous long. fine branchial tentacles, long zooids of 
about lem, 15 rows al sngmata and reddish- 
violet coloured cushion to stalked colony, about 
5em in maximum dimension with the stalk divided 
basally as in the present colony. Although 
Hartmeyer records the siphonal lobes deeply 
separated from one another, he does not describe 
either a fringe on their outer border, or ocelli at 
their base Nevertheless, his specimens were 
contracted, the apertures probably were obseured 
and it is not impossible that the speetmens are 
of the present species. 
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Family POLYCITORIDAE Michaelsen, 1904 


Colonial, with zooids usually entirely embedded 
in common test. Zooids are divided into thorax 
and a long abdomen (containing gut and gonads), 
and reach almost to the base of the colony. Usually 
only a short, often branched, vascular appendage 
is at the posterior end of the abdomen. Both 
branchial and atrial apertures are 6-lobed, on 
conspicuous siphons and open separately to the 
exterior. 


Thoracic musculature usually consists ol strong 
external longitudinal bands and an inner layer of 
transverse muscles. The former continue in two 
strong bands along the abdomen, one each side 
of the ventral mid-line. These do not extend on 
to the posterior abdominal vascular appendix. The 
usual circular muscles surround each siphon and 
sometimes (in Eudistoma) these form strong 
conspicuous sphincters. Zooids are particularly 
contractile. They are often (but not always) 
arranged in circular systems with the atrial 
openings in a tight group in the centre of thc circle, 
sometimes in a depression homologous with a 
rudimentary cloacal cavity. When contracted, 
zooids appear to detach from the surface test and 
are withdrawn toward the base of the colony. 


Replication is by horizontal strobilation of the 
ahdomen, as in the Diazonidae. Fertilisation 
apparently is usually in the atrial cavity. and eggs 
and embryos at different stages of development 
can be found thcre. However. in Crstodytes and 
Polycitorella and occasionally in Polycitor and 
Eudistoma (Polycitor circes, P. annulus n.sp., 
Eudistoma incubitum n.sp.) fertilisation is at the 
base of the oviduct, development procceds as 
emhryos move up the oviduct, and is completed 
in the atrial cavity or. in some cases. in a brood 
pouch at the top of the oesophageal neck (see 
also the Arctic Polyciror vitreus: Berrill, 1948a, 
Eudistoma clarum: Van Name, 1945 and E. 
olivaceum: Berrill, 1947b). The 3 larval adhesive 
organs are in a median vertical line at the anterior 
end of the larval trunk, except in Polycitor circes 
and P. annulus n.sp. (which have them triradially 
arranged), The adhesive organs are stalked, with 
a llat-topped cylindrical protrusion of columnar 
cells in the centre of a cup of specialised epidermal 
cells, except in Crstodytes (in which the protrusion 
is conical) and in Brevicollus n.gen. (which has 
no axial protrusion). ‘The larval cctoderm is also 
produced into undivided or bilobcd, conical, 
flattened or cylindrical ampullae in the mid-line 
(alternating with the adhesive organs). and; or in 
one to 3 lateral rows along each side of the adhesive 
organs. Fine extensions from ectodermal cells 
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expand into terminal vesicles in the larval test in 
some spccies (see Annotated Glossary: larvae). In 
larvae of this family there are usually 2 rows of 
stigmata but occasionally 3 (sce E. maculosum 
n.sp., É. muscosunt n.sp., E purpureum n.sp.). 
The larval tail is especially wide and flat, the trunk 
contains a large yolk mass, and the larvae give 
the appearance of being long-lived and strongly 
swimming. 

Polycitorid and holozoid genera were formerly 
included with clavelinid genera in the Distomidae 
Giard, 1872 which became a junior synonym of 
the Polycitoridae Michaelsen, 1904 (after the type 
genus Polycitor Renier, 1804). Subsequently 
polycitorid and holozoinid genera were containcd 
in the Polycitorinae of the Clavelinidae 
(Michaelsen 1930, Huus 1937) until Berrill (1950) 
separated the holozoids as Holozoinae. In addition 
to Distaplia and Sycozoa, Michaelsen (1930) 
bclieved the Polycitorinae included Sigillina (with 
subgenera Archidistonia Garstang, 1891; Eudis- 
toma Caullery, 1909; Paessleria Michaelsen, 1907; 
Hvyperiodistoma Michaclscn, 1930; Sigillina, 
Savigny, 1816), Polycitor Renier, 1804, Crstodytes 
Drasche, 1883 and Tetrazona Michaelscn, 1930. 
Of the suhgenera of Sigillina (which Michaelsen 
characterised by the presencc of 3 rows of stigmata, 
and the ahsence of cloacal systems), Hyperiodis- 
toma and Sigillina, both with a posterior 
abdominal vascular appendage containing an 
extension of the epicardium and with the 
longitudinal body muscles extending along it, arc 
here considered members of the Holozoidae (sec 
abovc). 

Polycitoridae as defined here contains six genera 

- Archidistoma, Eudistoma (including Paessle- 
ria), Polycitor (including Tetrazona), Polycito- 
rella, Cystodvtes and 2 new monotypic genera 
Brevicollus n.gen. and Exostoma n.gen. Based 
primarily on replication, phylogenetic affinities of 
Polycitoridae appear with the Diazonidae, from 
which it is separated by its smaller embcdded 
zooids without internal longitudinal branchial 
vessels, smaller gonads, viviparous larvac, and 
more prolific replication. It also appears related 
to the Stomozoidae having similar longitudinal 
muscles forming a pair of ventral bands on the 
ahdomen, and a long oesophagus. 

The zooids of Sigillina, especially those specics 
lacking muscles on the posterior abdominal 
vascular appendage (S. fantasiana, S. nigra), 
resemble those of Eudistonia and Polycitor in 
several ways. This resemblance is enhanced where 
polycitorid species have a larger than usual 
vascular stolon (Eudistoma glaucum, E. superla- 
tum n.sp.). However, the relationships of Sigillina 
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spp. to the Polycitoridae do not appear to be close, 
Polycitoridac are distinguished not only by their 
method of replication but also by their much 
smaller zooids. a continuous coat of transverse 


thoracic muscles, absence of an extensive nrea of 


vnperforated pharyngeal wall anterior and 
posterior to the stigmata, and (im all except 
Brevicollus n. gen., Crsrodvtes and. Polycitorella) 
a long oesophagus with the stomach at the 
posterior end of a long abdomen, absence ol à 
stalked brood pouch, and relatively small larvae 
with small adhesive organs with small circular 
uxial cones rather than the long ridges and 
platforms found in Sreillina, 

[he two largest genera (Eudistoma and Polyc- 
itor) ol the Polycitoridae are similar. Kudistoma 
is distinguished from Po/vcitor by its smaller 
vooids with short thorax, only 3 rows of stigmata, 
smaller gonads, and smaller larvae. Eudistoma has 
a characteristic long duodenal region, and small, 
almost spherical, and always smooth stomach, 
while Polvetror has a short duodenum, and a large 
und sometimes folded stomach. [n Awdisrerna the 
anterior row of stigmata is deflected dorsally along 
cach side of the mid-dorsal line — à phenomenon 
possibly associated with size reduction known in 
Pyvenoclavella and Cvstodytes but not in Polyceitor. 
Further, the test of Polvciror usually is transparent 
or translucent while in Eudistoma. it often is 
opaque, and with few exceptions, is more brightly 
coloured than the test of most Polycitor spp, 
Eudistoma larval adhesive organs have a thicker 
axial protrusion than those of Polveiror, and more 
ectoderinal ampullae. Zooids are arranged in 
rudimentary circular systems in Eudistoma, 
Polveitorella and Cystodyres but only rarely in 
Polyeitor. Palycitorella and Cystodvies also have 
zooids that resemble one another in having 
particularly strong muscles. They are distinguished 


primarily by the form and distribution. of 


calcareous spicules in the test. Evostoma n.gen, 
is unusual in the development of a cloacal system 
and its oolds are adapted to accommodate that 
habit. Brevicollus n.gen. has many characters that 
indicate a divergence from the Polycitoridae. and 
therefore its phylogeny is problematical, and its 
inclusion in this family is provisional. 
Archidisioma is known principally from its type 
Species A. aggregatum Garstang, 189] from the 
English Channel. Both its zooids and larvae closely 
resemble those of Eudistoma, and Wartmeyer 
(1924), Van Name (1945) and Berrill (1950) 
suggested that separate generic status lor £udis- 
tome and Archidistoma may be unjustified since 
the only difference hetween them is the form of 
the colony — the former species has embedded 
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zooids while those of 4refidistomia from the type 
location have zooids almost entirely separate, the 
basal part of the zooid only being embedded in 
common basal test. Eudistoma discederatum Kou. 
1981 from Fiji with zooids separate for at least 
half of their length. resembles colonies assigned 
to Archidistoma aygregatum trom the Atlantic 
coast of North America (Van. Name 1945, fide 
Berrill 1950). and Madagascar (Vasseur 1969). 1n 
view ol the wide geographic range represented by 
these records. it seems probable similarities in 
these small colonies are due to convergence, and 
separate species may be involved. However. at this 
stage there is no clarification oL their generic status. 
Species such as £ /avsani, E, hulbatum n.sp., and 
E. murrayi Kott, 1957a with the anterior ends of 
the zooids protruding from ihe colony represent 
an intermediate condition which tends to support 
the view that the genera are synonymous. 
Archidixsroma has priority over Eudistoma, in the 
event that they are synonyms, 

The family affinities ol Japanese colonies 
(Archidistoma aggregatum. Nakauchi. 1960, 1966) 
with zooids almost entirely embedded, and 
prominent posterior abdominal vascular stolons 
are uncertain, Specimens from New Caledonia 
assigned to the genus Arehidistonma by F. Monniot 
(1988) are species of Pyenoclavella (see above). 

Eudistoma and Polyetior are well represented 
in Australia with both indigenous and Indo-West 
Pacific representatives. The cosmopolitan Cysro- 
dytes dellachiajei also occurs around the Austral- 
ian continent, and there are 2 indigenous species 
of Polvcitarella, The lamily is not well represented 
in Antaretic waters, and despite the relatively high 
numbers of Australian. indigenous species in 
temperate waters if is probable that its Origin is 
in the tropics, Where it abounds. 


Kry TO THE GENERA or Por YCITORIDAT 
(* not recorded from Australia) 


|. Cloacal systems extensive... Fxosromma ngen, 


Cloacal systems rudimentary or absent... .. 2 
2. Agi Ind mew l u ae meee ore alee om oy 3 


Stigmata in 7 ITOWNS -recreate =. rn ono 
3. Zovids separate .......... eY Archidistonma 
Zooids embedded eo Budisioma 

4. Calcarcous spicules present in the test... ...5 
Calcareous spicules not present in the test ..6 

5. Stigmata in 4 rows... ... .. s Cystodvtes 
Stigmata in > 4 rows .......0.. Polyciturella 

6. Parustigmatic vessels Presents isis 
Est eet steer Rs ; Brevicallus n.gen. 
Purustigmatic vessels not present... Polveitoz 


"rtt tmm mm 
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Genus Polycitor Renier, 1804 
‘Type species: Polycitor crystallinus Renier. 1804 


Species of this genus have relatively large zooids 
with a long oesophageal neck more than twice 
the length of the thorax. The rounded stomach 
is in the descending limb of the gut at the posterior 
end of the abdomen. There are from 4 to 20 or 
more rows of stigmata. Parastigmatic vessels are 
not present. Zooids are completely emhedded in 
firm test. Colonies are stalked or sessile and 
cushion-shaped, upright or spherical. They range 
in size from only | or 2cm in diameter to about 
15cm. Zooids are invariably relatively long, with 
a long oesophageal neck. They stretch from thc 
surface of the colony to the base. In sessile, 
rounded colonies zooids converge to the centre 
of the base where the colony is fixed to the 
substrate. In preservative zooids are invariably 
lound contracted and drawn away from the 
surface. Body musculature consists of longitudinal 
bands extending from each of the siphons, along 
the thorax and onto the abdomen forming 2 wide 
ventral bands. Circular sphincters surround each 
siphon. An internal layer of circular muscles on 
the thorax sometimes is inconspicuous. Six to 12 
branchial tentacles alternate with a variable 
number of smaller oncs in a circle slightly anterior 
to the larger ones. 

Larvae usually have a trunk of about Imm, 
although sometimes (P. circes, P. giganteus) it is 
longer. Ectodermal ampullac are, median, some- 
times bilobed and alternate with adhesivc organs. 
The central protrusion of the adhesive organs is 
narrow and cylindrical. Adhesive organs some- 
times are arranged triradially (P. annulus n.sp.. 
P. circes). 

The genus Distomus Savigny, 1816 is a junior 
synonym of Polycitor Renier, 1804. Savigny's 
name is also preoccupied by Distonius Gaertner, 
1774, a synonym of Armphicarpa (Styelinae) (see 
Michaelsen 1904). 

Polvcitor is relatively diverse in temperate 
Australian waters being represented by 6 indigen- 
ous species. Only 3 species, viz. P. circes, P. 
annulus n.sp. and P. translucidus are known from 
tropical waters. Only the latter has been rccorded 
from elsewhere in the Pacific. Polycitor circes and 
P. annulus are among the few tropical indigenous 
species known in any family of the Ascidiacea. 
Nine of the 10 specics known from Australia are 
indigenous. 


KEY 10 THE SPECIES OF POLYCITOR 
RECORDED FROM AUSTRALIA 
l. Stomach with > 4 parallel structural folds . .2 
Stomach with 4 or no structural folds ..... 6 
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2. Colony with long cylindrical stalk .......... 
uU E P. calamus n.sp. 
Colony without long cylindrical stalk ......3 


3. Stomach with 20 or morc stomach folds and 

more than 15 longitudinal thoracic muscles 

DOREM DINE P. circes 

Stomach with less than 20 stomach folds and 
less than 15 longitudinal thoracic muscles 


ROP AAD AAD CIL SU. 4 

4. Transverse thoracic muscles conspicuous .... 
dom uhEIMI E Scc rt: P. cerasus n.sp. 
Transverse thoracic muscles not 
CONSPICUOUS tdg EI ce te 

5. Colony transparent with black zooids....... 
vue oE AEEA P. annulus n.sp. 
Colony opaque with whitish zooids......... 
SEE aaa D dO P. nubilus n.sp. 

6. Stigmata in 10 or morc rows; 4 stomach 
folds? se. e s e eene eR rts P. giganteus 
Stigmata in < 10 rows: stomach without 
LONG Seiten vacations haee voip re oe 7 

7T. E Base oticolonVIentiTe s ss ouo mre ey os OS 8 
Base of colony divided)... oce ters 9 

8. Stigmata in 6 rows...... Mere efe P. obeliscus 
Stigmata in > 6 rows ........ P. translucidus 


9. Base of colony divided into regular branches, 
each branch containing a single zooid..... 

un e DON DRE UIS cud P. subarborensis 

Base of colony divided into irregular branches, 
each branch containing up to 3 zooids.... 
DIESEN DI eade Me P. eniergens n.sp. 


The species collected by the Siboga Expedition 
that Sluiter (1909) described as Po/ycitor have only 
3 rows of stigmata. Most are Eudistoma spp., and 
these and others are referred to in the discussion 
of that genus (sec below). 


Polycitor annulus n.sp. 
(Fig. 60) 
? Polycitor circes; Millar, 1975, p. 205 (part, specimen 
from the Philippines ZMC 20.iii.41). 


Dis IRIBUILION 

Tyvi LocAari v Queensland (Capricorn Group, 
Heron 1l., under rubble near reef edge, low tide. coll. 
P. Kott May 1987, holotype QM GH4350; Wistari Reef, 
September 1984, paratypes QM GH4348; Wistari Reef, 
November 1986, paratypes QM GH4351; Heron l., May 
1987, paratypes QM GH4356). 

Funiurg Rrcogps: Queensland (Heron l.. QM 
GH4346 7 GH4349 GH4352 GH4354 5 GH4433 
GH4472 GH4582; Wistari Reef, QM GH4353 GH4434; 
Swain Reefs, QM GH4346). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are small, 
wedge-shaped lobes up to lem high. In life the 
upper surface is convex with zooids projecting 
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Fio 60. Polveuor annulus nsp.: a, colony (paratype QM GH434X); bed, »omids showing incubating embryos 
(holutype QM G H4350): e, zooid showing gut loop and gonads (paratype QM GHA348k; f. Jarva (QM GH4472). 
Scales. a, 5mm: b-e, tmm; f. 0.1mm. 


slightly trom the surlace, their openings showing 
ws black circles in clear, transparent, glassy test. 
Zooids themselves are black. becoming blackish 
green in preservative and retaining thal colour over 
a long period in alcohol. The test is soft and may 
bccome slightly cloudy in preservative. 

INiERNAL Sig CItURI1: Small zooids, even when 
nareotised, contract away from the surface of the 
colony. Zooids contain dark pigment. concen- 
trated in patches behind the neural complex. 
around the base of the branchial siphon, over the 
anterior end of the endastyle, and in longitudinal 
bands down the length of the thorax. Fach 
aperture has 6 rounded lobes. The thorax is 
muscular with about 18 parallel longitudinal bands 
extending onto the abdomen as 2 wide ventral 


hands. There are 8 to 10 rows of rectangular 
stigmata with about 20 per row — although, owing 
to the contraction, these are difficult to count. 

The oesophagus is long, but found wrinkled and 
contracted in all zooids examined: and. also as 
a result of contraction, the rectum is pleated and 
folded along its length. [he stomach, in the 
posterior end of the abdomen, ty usually obscured 
by the rectum and hy large embryos that start 
their development at the base of the oviduct. The 
stomach is short and broad with 12 to 15 shallow, 
parallel, internal longitudinal ridges. Gonads are 
Present in the gut loop. They consist of a fairly 
large cluster of relatively large male follicles and 
a 4- or 3-egg ovary. Although up to 3 embryos 
can be found moving up the ahdomen, only one 
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appears mature at a time and is found just behind 
the postero-dorsal corner of the thorax, projecting 
from the top of the oesophageal neck. Neither 
embryos nor larvae have been found in the thorax. 
Apparently fertilisation occurs at the base of the 
oviduct. 

In the Capricorn Group mature gonads werc 
observed only in specimens collected in September 
(QM GH4348). However. developing embryos are 
present in May (QM GH4350) and March (QM 
GH4347). Thus, although neither mature gonads 
nor embryos were seen in specimens collected in 
October or November, breeding apparently occurs 
intermittently through the year. Larvae are large 
in relation to the sizc of zooids, the trunk being 
about 0.8mm long. The tail is wound about three- 
quarters of the way around the trunk. There is 
an ocellus and otolith. The 3 anterior adhesive 
organs have relatively short, thick stalks, and a 
short, relatively thick, flat-topped axial protrusion 
sct in the usual epidermal cup. The adhesive organs 
are triradially arranged rather than being in the 
median line. The larval epidermis at the base of 
their stalks is expanded into rounded swellings. 

Remarks: Superficially this species rescmbles 
Sigillina signifera in thc distribution of pigment 
in its dark zooids, and transparent test. However, 
colonies and zooids are both smaller, and zooids 
lack a posterior abdominal stolon. 

This species is characteristically polycitorid in 
all its characters except for the retention of the 
large larvae in the abdomen and the triradial 
arrangement of thc adhesive organs — as in P. 
circes (see below). The former possibly is due to 
the size reduction of zooids without an associated 
reduction in the size of the larvae. The triradial 
arrangement of adhesive organs may be a primitive 
character retained in these species but lost in most 
species of the Polycitoridae. 

Polvcitor circes resembles the present species 
also in the large number of longitudinal thoracic 
muscles, although it has more stomach folds and 
about twice the number of rows of stigmata. 

One of the specimens from the Philippines 
(ZMC 20.iii.41) assigned to P. circes by Millar 
(1975) has similar zooids and colony to those of 
the present specics. However, although it broods 
larvae in the abdomen, and has triradial adhesive 
organs as in P. annulus, the larval trunk is much 
larger (2.5mm) and despite the small colonies. 
specimens probably are correctly assigned. 


Polycitor calamus n.sp. 
(Fig. 61. Plate 13a,b) 
DISTRIBUTION 
Type LocAurrv: South Australia (Archipelago Cove 
40m, coll. W. Zeidler 28.1.82. holotype SAM E2058, 
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paratypes SAM E2051; Great Australian Bight, Flinders 
lin Posidonia 8m, coll. N. Holmes 11.4.83, photo index 
PE0054 R998, paratype SAM E2057; Great Australian 
Bight, Avoid Bay 15-20m, coll. N. Holmes and S. 
Shepherd 9.4.87, paratypes QM GH4187-8 GH4308). 

Further Recorps: South Australia (Spencer Gulf, 
SAM E2052-6). New South Wales (Kurnell Peninsula, 
AM Y2197). 

The species is common in Posidonia beds. 


DESCRIPTLON 

EXTERNAL APPEARANCE: Colonies are robust, 
firm, cylindrical stalks up to 10cm long and 1.5cm 
diameter with a short spherical to conical head 
of slightly greater diameter than the stalk. The 
test of the stalk is transversely wrinkled, almost 
completely opaque. It narrows slightly toward the 
base, where its outer surface often becomes quite 


" 
I. D Ç 
Fic 61, Polycitor calamus n.sp. (paratype QM GH4308): 


2. colony; b, zooid, part of oesophagcal neck excised. 
Scales: a, 5mm; b, 2mm. 
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leathery. Basally the test spreads out into flat hold- 
fasts over the hard substrates, such as scallop 
shells, to which the colonies are attached. One 
or more stalks can arise from the basal test, and 
occasionally a stalk divides into two branches at 
about one third of its length from the base. The 
test of the head is gelatinous and translucent in 
preservative, and in life a bright vermilion. Patches 
of pigment remain on the surface of preserved 
specimens. Zooids, only up to 20 per colony, open 
around the head. 

INTERNAL STRUCTURE; Zooids are long, extend- 
ing from the surface of the head to the base of 
the stalk. In all preserved colonies the thorax of 
the contracted zooids is withdrawn from the head 
down into the stalk, Apertures are close together. 
Both have 6 well-defined lobes, those on the dorsal 
rim of the branchial aperture being larger than 
the ventral ones, suggesting the aperture is directed 
away from the atrial aperture in life. The body 
musculature is oblique to longitudinal, resembling 
clavelinids, with a formula 8E,5B,2A. The muscles 
run obliquely toward the postero-dorsal corner 
of the thorax where they extend in two strong 
bands along each side of the long narrow 
oesophageal neck that occupies most of the length 
of the zooid. 

In the preserved zooids, 6 large coiled branchial 
tentacles arc behind about 12 shortcr, rather 
stumpy ones. The neural ganglion and gland are 
both large and oval. The neural duct is short and 
wide. opening in a simple, circular, anteriorly 
directed aperture in the prebranchial area. There 
are 9 to 13 rows of long rectangular stigmata with 
about 35 in each row. Transverse sinuses between 
the rows of stigmata extend out into long pointed 
dorsal languets over the large and conspicuous 
dorsal sinus that interrupts the rows of stigmata 
in the mid-dorsal line along the length of the 
pharynx. Dorsal languets are not flattened, and 
parastigmatic vessels are absent. A short unper- 
forated area of pharyngeal wall lies anterior to 
the stigmata. 

The relatively small stomach is in the posterior 
end of the abdomen. It has 12 distinct rounded 
folds along its length. No subdivisions of the long 
post-pyloric part of the gut were detected in these 
spccimens, nor were gonads, although vegetative 
cells were in the abdominal wall suggesting a 
vegetative phase. Only one colony (SAM E2052) 
had abdominal strobilae. 

A juvenile colony with 4 zooids was taken in 
January from South Australia. Most other 
specimens were collected in January, one lot in 
April (SAM E2057) and the specimen from New 
South Wales in May. Data suggest a restricted 
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autumn breeding season, and replication from 
January until the winter months. 

Remarks: The species is distinctive and readily 
identified by its small, vermilion head, long stalk 
and particularly long oesophageal neck. All of 
these characters, together with the absence of 
circular muscles, readily distinguish it from 
Polvcitor cerasus n.sp., which is cherry red in life, 
and sessile. It differs from most Polycitorin having 
oblique muscles. 


Polycitor cerasus n.sp. 
(Fig. 62a. Platc 13c) 
DisrRIBUTION 
Type Locatity: South Australia (Nuyts Archipelago, 
Franklin I., loc. c Breaking Reef, 15m amongst algae, 
coll. N. Holmes 22.2.83, photo index PE044 R811 
holotype SAM E2080, paratype QM GH4365). 
FurtHer Recorvs: None. 


DrscRIPTION 

EXIERNAL APPEARANCE: Only the type material 
is available. Colonies are sessile and dome-shaped, 
about 3cm high and 2.5cm diameter. All the test, 
except the outer 0.5cm thick layer over the upper 
surfacc, is crowded with sand particles. making 
it hard. A little sand is also present in the outer 
layer of test between the zooids. Zooids converge 
towards the centre of the colony, from the outer 
surface. Living colonies are cherry rcd, although 
this is lost in preservative. 

The lower part of the colony probably is buried 
in sand, and irregular, sandy extensions from 
around the periphery of the basal surface probably 
help to anchor it. 

INTERNAL SrRUCTURE: Zooids are robust, and, 
in this type material, about lcm long contracted. 
Apertures are both anterior, and open separately 
to the outer surface of the colony. The rim of 
each aperture is deeply divided into 6 distinct 
lobes. The body wall is muscular with an almost 
continuous but thin outer layer of longitudinal 
bands, and a conspicuous inner layer of circular 
fibres. Longitudinal muscles form the usual wide 
ventral bands of muscle along the abdomen. 
Triangular dorsal languets are relatively narrow 
and have a long tapering point, There are 10 rows 
of about 25 stigmata. The stomach, just over 
halfway down the abdomen in these contracted 
specimens, has 8 rather irregular folds in the right 
(parietal) side. A post-pyloric duodenal area exists, 
and a short oval posterior stomach is constricted 
off before the rectum bends around in the pole 
of the gut loop. 

Gonads consist of an extensive, rather diffuse 
mass of pyriform follicles and a few large eggs 
on the right side of the gut loop. Male follicles 
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Fio. 62, Pulycitor cerasus nsp. (paratype QM GH4365): 
a. zooid.. Polvcitor circes: h, 7001d (QM GI14367); 
c. larva (AM Y1303). Scales: a, Imm: b. 2mm; c. 
0.3mm. 
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spread through the loop onto the left side. Two 
short, branching blood vessels project from the 
posterior end of the zooid. 

Remarks: The species is unusual in having a 
mass of sand embedded in the test, making the 
colony hard to sce and obscuring its colour. 
Similar relatively large zooids converging toward 
the hase of the colony occur in many other species 
of this genus (e.g. P. nubilus n.sp.. P. circes and 
P. annulus n.sp.). The present species lacks the 
dark pigment found in the preserved specimens 
of P. circes and P. annulus, Colonies resemble 
those of P. obeliscus in their general form, sessile 
habit. and the distribution of sand within the 
colony. Zooids of the present species with their 
folded stomach distinguish it from P. vbelisens, 


Polycitor circes Michaclsen, 1930 
(Fig. 62b.c) 

Polyeuor circes Michaclscn. 1930. p. 495. Kon 19572, 
p. 84; ? 1966, p. 241. Millar 1963a, p. 710: 1975, p. 
205 (? part, specimen from Marongas 20,3.1914j. 
Monniot 198k, p. 207. 

Polveitor gelatinosa Kote, 19574, p. 83 (part, not 
specimens trom South Australia). 

2 Polycitor reuziwadai Tokioka, 1952, p.96. 


Dist Ris tion 

New Recors Western Australia (Passage L. WAM 
1039.83, Broome. AM Y2192 Y2199; Dampier Archipe- 
lago. WAM 1035.83 (042.83. Cervantes Reef. WAM 
178.87 180.87; Houtmans Abrolhos, WAM 367.80 Q Af 
GH2110, WAM 199.88, AM Y2191 Y2195; Cockburn 
Sound WAM 1036,83). Queensland (Martha Ridgeway 
Reef. QM GH4367). 

Perwiousty Ricokporp: Western. Australia (Cape 
Boileau, Broome ~ Millar 1963a: Cape Inscription 
AM Y1292 Kot 1957a; Shark Bay Michaelsen 1930; 
Cockburn Sound — Michaelsen 1930; AM Y 130? Y1306 
Y1309. 10 P. gelatinosa Kott. 19573). New Caledonia 
(Monniat 1988). Philippines (Millar 1975). 

Although there is a preponderance ol records irom 
north-western Australia, the newly recorded specimen 
from Queensland suggests the species will be recorded 
from other tropical locations in the western Pacific. [t 
is Targe, conspicuous, and not likelv to be overlooked. 


DESCRIPTION 

Ex1ERNAL Arpt aranci: Colonies are large up 
to Yem high and 7em in diameter. sometimes 
almost flat-topped but at other times mushroom 
to club-shaped, narrowing toward the base where 
there usually is a short, thick stalk, devoid of zavid 
openings. Otherwise zooids open on the upper 
surface and sometimes on the sides of the colony 
and converge toward the top of the stalk. Onc 
colony (QM GH4367) is spherical, fixed by a small 
part of the base, but with zooid openings only 
on the upper half of the surface. The test is firm. 
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gelatinous and translucent. In preservative zooids 
are dark blue. 

INTERNAL STRUCTURE: Zooids are robust, 
measuring about 2cm in length even in a 
contracted state. In preservative zooids have dark 
pigment, especially in the thoracic body wall and 
transversc branchial vessels, and forming a 
conspicuous patch at the anterior cnd of the 
endostyle. Branchial and atrial lobes, 6 of each, 
are rounded. The body musculature is strong, 
consisting of ahout 20 longitudinal bands that 
extend along the abdomen as two wide ventral 
bands. The usual circular muscles are around cach 
of the siphons, howcver the inner laycr of 
transversc muscles is inconspicuous. Six large but 
stumpy branchial tentacles alternate with 3 smaller 
ones. The neural ganglion is large and spherical. 
The duct of the neural gland is short and the 
opening is circular and directed anteriorly. The 
dorsal languets are long and tapering. In the 
pharyngcal wall a wide, unperforated area cxists 
anterior to the 18 to 23 rows of stigmata, Up to 
50 stigmata in the anterior rows are reduced to 
about half that number posteriorly. 

The oesophagus is long, and invariably is 
wrinkled in these contracted zooids. It opens into 
the small, rounded stomach in the posterior end 
of the abdomen. The stomach wall has 20 to 30 
narrow, parallel longitudinal folds. A constriction 
between an inconspicuous posterior stomach and 
the rectum is in the pole of the gut loop. The 
anal bordcr is divided into two large smooth lips. 
Gonads, a mass of pyrilorm male follicles with 
a 3 or 4 egg ovary, are in the gut loop posterior 
to the stomach. 

Ova are fertilised at the base of the oviduct and 
develop as they move up thc abdomen. Their 
incubation is completed in the top of the abdomen 
just posterior to the atrial cavity rather than in 
the atrial cavity as in most other species of the 
genus. Larvae are present in April in colonies from 
the Abrolhos (WAM 367.80) and from Rottnest 
1. (> P. gelatinosa Kott, 1957a). The larval trunk 
is about 2mm long, with a large part of that length 
(about two-thirds) anterior to the oozooid taken 
up by a yolk mass. The short thick stalks of the 
3 (triradially arranged) adhesive organs are not 
expandcd into ectodermal ampullae. The central 
protrusion of cach adhesive organ is rather narrow 
and cylindrical, 

Remarks. The relatively numerous rows of 
stigmata, longitudinal muscles on the thorax, and 
longitudinal stomach folds, as well as the larvae 
and the pigmentation of the zooids distinguish this 
species from Polycitor giganteus which has a 
similar bulky, and firm gelatinous colony and a 
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similar long branchial sac that narrows towards 
its posterior end. The long yolk-filled anterior part 
of the larval trunk is unique. The abdominal 
brooding of the larvae and triradial arrangement 
of adhesive organs was also observed by Millar 
(1963a and 1975), and occurs also in P. annulus 
n.sp. from Heron 1. (see above). 

In preservative the colonies sometimes resemble 
thosc of Sigillina grandissima, especially since the 
zooids are the same dark colour. The latter species 
is distinguished by its long vascular stolon, 
relatively short oesophagus, smooth stomach and 
more conspicuous transverse muscles. Eudistoma 
superlatum n.sp. also forms massive but lobed 
colonies. and has a long vascular stolon (unlike 
the present species). 

Millar (1975) assigned 3 colonies — 2 from the 
Philippines and one from the Kei Is — to this 
species. They are all small finger- or club-shaped 
lobes, joined basally, and are not the large 
gelatinous cushions of the present material. 
Therefore only the Marongas specimen 20.3.1914 
(which has the characteristic larva) can be 
positively assigned to this species. The specimen 
from the Kei Is resembles Clavelina arafurensis 
in the proportion of oblique to longitudinal 
muscles, although the orange vesicles in the test 
reported by Millar have not been recorded for 
C. arafurensis. One colony from thc Philippines 
(ZMC 20.11.14) may be a colony of Polycitor 
translucidus, with characteristically long zooids 
and parallel longitudinal thoracic muscles. 

Spccimens from New Caledonia (Monniot 1988) 
have a smaller than usual larval trunk (1.6mm 
long). 


Polycitor emergens n.sp. 
(Fig. 63) 
DISI RIBUTION 
Tyer Locariry- New South Wales (off Cronulla, 60m, 
coll..J. McIntyre 17.6.65, holotype AM Y 1124, paratypes 
AM Y837). 
Furrier Recorps: None. 


DESCRIPTION: 

EXTERNAL APPEARANCE: Colonics consist of 
upright cylindrical finger-like lobes arising from 
a common basal mass of test concealed by an 
almost spherical mass of sand. The sand can be 
rcmoved to show the basal mass of test subdivided 
into irregular branches covercd with fine, 
branched and rather ragged, flat, narrow, tag-like 
projections of the test to which the sand adheres. 
These act as roots holding the colony firmly in 
the sandy substrate. The upright, free lobes of the 
colony are up to 2cm long, and the hasal sandy 
part is about l.5cm in diameter. The test is 
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Fic, 63, Polvcitor emergens n.sp. (paratypes AM Y837): 
a. colony; b, colony with sand removed from basal 
half showing zooids extending out into basal root- 
like branchcs; c, thorax. Scales: a,b, 2mm; c, 0.5mm. 


translucent and relatively soft on the upper free 
ends of the cylindrical lobes, but becomes tougher 
toward the basc, where the surface layer is 
transversely wrinkled and opaque. The basal sand- 
covered part of the test is tough. 

Zooids are parallel to one another and opcn 
to the surface on the top of each upright lobe 
where the test is particularly delicate. They are 
long, and the posterior ends of from one to 3 
or more extend out into each branch of the basal 
part of the colony. 

INTERNAL STRUCTURE: Zooids are contracted 
in both the holotype and two paratype colonies. 
Both apertures are anterior, cach with 6 well- 
defined lobes. Nine or 10 strong parallel longi- 
tudinal muscles have the formula 6B,2D,2A. Thcy 
extend in 2 broad bands along the ventral part 
of the abdomen. The internal layer of circular 
muscles is inconspicuous, dorsal languets are 
triangular with a long point, and there are 8 rows 
of stigmata with about 20 per row. 

The usual long oesophagus opens into the 
smooth stomach in the posterior third of thc 
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abdomen. The anal opening is bilabiate. Gonads, 
present in the gut loop, have rclatively small 
pyriform male follicles. 

Remarks: The tendency for the basal part of 
the colony to break up into branches into which 
the posterior ends of the zooids project has been 
recorded only in this genus — in the present species 
and in Polycitor subarborensis (see below). The 
present spccies can be distinguished by its small, 
upright, cylindrical colony lobes, and its irrcgular 
basal branches, each containing the posterior part 
of several zooids. Only the tips of the sandy basal 
branches of P. subarborensis are produced into 
the fine and sometimes relatively long branching 
root-like tags produced from the test. In the 
present species thcse occur all over the basal test 
and hold the thick coat of sand around the base 
of the colony. Zooids of P. subarborensis also 
have morc numerous muscles than the present 
species. 

Basal stolons of certain clavelinid and pycnoc- 
lavellid colonies which support separate 70oids are 
not homologous or even analogous with the basal 
branches of these Polycitor colonies in which thc 
upper parts of the zooids are entirely embedded. 
Basal branches of both the prescnt species and 
P. subarborensis appear, at least functionally, 
analagous to the basal root-likc processes of 
stolidobranch ascidians, by which they are 
attached to or are rooted in the substrate. 
However, they are not homologous. The present 
colonies are unusual in that the projections by 
which they are anchored contain the posterior ends 
of the zooids and are not merely solid outgrowths 
of the test. Zooids of P. subarborensis and thc 
present species project to the end of the basal 
branches of the colony. Thus these basal branches 
sccm homologous with basal parts of colonies of 
other species in the genus, and probably are the 
result of subdivision separating the posterior ends 
of the zooids from one another. rather than simple 
outgrowths of the test. 

It is the form of the colony and its tough test 
that distinguishes the species from Polvcitor 
translucidus which has similar long, but narrow, 
zooids with only about 8 rows of stigmata and 
a smooth stomach. 


Polycitor giganteus (Herdman, 1899) 
(Fig. 64. Plate 13d- h) 
Polyclinum giganteum Herdman, 1899, p. 79. 
Polvcitor giganteus: Kott, 1957a, p. 83; 1972a, p. 9; 
1972b, p. 171; 1972d, p. 244; 1975, p. 2: 1976, p. 
57. Millar, 1963a, p. 709. Not Sluiter, 1919, p. 10. 
Polyclinum globosum Herdman, 1899, p. 80. 
Porcitor gelatinosa Kott, 1957a, p. 83 (part, specimens 
from South Australia). 
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Fio, 64, Polycitor giganteus: a,b. zooids (SAM E2065, AM EI841); c, thorax (SAM E2076); d, gonads and 
proximal part of rectum (SAM E2076); e-g. successive stages in development of larvae (AM YR05), Scales. 
a-d, | mm; e-g, 0.2mm. 
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Dis ginis 

New Rreowps Western Australia (Port Hedland, 
WAM 1038 83; Shark Bay, WAM 871.83 OM GH2/4/). 
South Australia (Great Australian Bight, SAM E2067, 
QM GH925 GH931I GH1291 GH2518 GH2386 GH 2388; 
Spencer Gulf, SAM 62060 2 E2068. QM GHARS3; 
Nuyts Archipelago, SAM E2063-4, OM GH2206: Yorke 
Peninsula, SAM £2066, QM GH2373; St Vincent Gulf, 
SAM E2065, QM G9314: Kangaroo 1. SAM E2069, 
QM G11990) Tasmania (Flinders L QM GITI29I; 
Ovster Bay, AM U358), Victoria [Ninety Mile Beach 
QM G11862; Bass Strait. MV: Gabo 1.. QM (9478). 
New South Wales (Bermagui, AM Y2194; Jervis Bay. 
QM G10021-4; Port Stephens, AM Y2000: Botany Bay. 
OM Gl0l64; Clarence River mouth, AM EIRB4AI: 
Arrawarra, GH4357; Solitary 1: QM 69635; Lord Howe 
I. QM GH4376). Queensland (Mooloolabah, QM 
G H4324). 

Peevioust¥ Reeororm: South Australia (Great 
Australian Bight SAM E2072 F2075-6 Kote 1972b 
1976; St. Vincent Gulf AM Y1304 P. gelatinosa: Kot. 
1957à. SAM 19239 E2071 £2074 Kott 19723: Investigator 
Strat Kott |972b, West I Kott 1972a 1975) 
Victoria (Lukes Entrance AM Y1130 Y1312 Kou 
19574: Port Phillip Bay — AM Y1295 Kott 19574 1976, 
Millar [963a; Western Port AM ¥1293 Koit 1976, 
Mallacoota Inlet — Kott 1976). New South Wales (Jervis 
Bav. Port Jackson — AM Y3930 U39034 Herdman 1899, 
AM Y1294 Y]305 YI3OR Kott 19573. Millar 19634; 
Botany Bay AM YS YRON YNIO Y83I Kott 1972d). 

The species is common in shallower waters (subtidal 
to 24m) from southern Australia to Port Jackson (NSW). 
but has also been taken down to 400m off the NSW 
goast off Hermagui (AM Y2194), [t appears an 
Australian indigenous species recorded most commonly 
around the south-eastern half of the continent. 


DesckiPTion 

ExirusAr Are anance: Colonics are massive, 
up to |2em in diameter, They are spherical to 
lop-shaped, fixed by a part of the undersurface 
which usually torms a short, thick stump that just 
elevates tlie colony above the substrate. The test 
is always tirm and gelatinous, and completely 
transparent and glassy to cloudy and translucent. 
Zooids usually open around the sides and upper 
surface of the colony, although occasionally in 
relatively small colomes, zooid openings are 
confined to the upper surface Zooids converge 
from the surface in toward the centre of the base 
of the colony, In preserved colonies they are 
invariably found contracted and withdrawn [rom 
ihe surface, The zooid openings are arranged 
evenly on the surface of the colony but their 
posterior ends cross ane another. when they are 
withdrawn from the surface. Zoaids are not in 
systems. In living colonies the test is usually glassy 
and transparent. and zooids are either bright 
orange or white and can he seen às white or yellow 
streaks radiating Out from the centre of the 


transparent colonics. In preservative zooids are 
either while or pinkish, however, there ix no 
correlation between living and preserved colours 
— colonies reported by the collectors to have had 
bright orange zooids are either pinkish or while 
in preservative, as are zooids reported to be white 
When living. 

INteeNAL STRUCTURE: Zooids are robust and 
long, even in a contracted state they can measure 
to Jem, and in Ife are much longer. They have 
6 well defined lobes around each aperture, The 
body musculature is strong, consisting of 12 
longitudinal thoracic bands on each side which 
continue along the length of the abdomen as two 
wide ventral bands of muscle. Choracie bands 
extend trom the branchial siphon, from (he space 
between the siphons. and from the other siphon 
according to the formula 6B,3D,3A. None of the 
longitudinal muscle bands cross the endostyle. The 
transverse or circular musculature is usually 
inconspicuous, except for the sphincter muscles 
around cach siphon, The transverse wrinkles of 
the ectodermal layer of the body wall resulting 
from contraction of the thoracic museles can be 
mistaken for transverse muscles on superficial 
examination of the zooids. The neural complex 
i» large and the opening of the neural gland is 
a simple circular opening directed forwards, Six 
large but rather stumpy branchial tentacles 
alternate with shorter ones. Dorsal languets on 
the dorsal sinus are long and pointed. There are 
12 to 16 rows of long rectangular stigmati, 
invariably found contracted. In a large specimen 
from Bass Strait there are 16 rows on the right 
and an additional half-row that does not reach 
the dorsal line on the left. Although often difficult 
to count, there appear to be between 30 and 40 
stigmata in all rows except the posterior ones. In 
one relaxed specimen (SAM E2076) there are 40 
in the anterior and 20 in the posterior rows. 
Parastigmatic vessels are absent. 

The oesophagus is long, opening into the 
elongate stomach near the posteriar end of the 
abdomen, The stomach wall has 4 grooves. and 
when collapsed it forms 4 pronounced lolds. The 
posterior stomach, about the same length as the 
stomach, and separated from it by a short 
duodenal area, opens into the rectum in the pole 
of the gut loop. The anal border is bilahiate, 
Gonads, consisting of numerous male follieles and 
a small ovary, are contained in the posterior end 
of the gut loop behind the stomach at the posterior 
end of rhe abdomen. [here are 2 or 3 short vascular 
appendages, 

Embryos occur in specimens taken from South 
Australian waters in September (QM GH4853) 
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and October (SAM E2075) but not in February 
or May. In November they are in specimens from 
Port Phillip, Bass Strait (MV) and Botany Bay 
(AM Y816). However, they are present also in 
June in Botany Bay (AM Y805), October at Lord 
Howe 1. (OM GH4376), and January at Lakes 
Entrance and Rottnest 1. (AM YI310). Thus 
records suggest sexual reproduction may occur 
throughout the year. Ova probably are fertilised 
in the atrial cavity, where up to 12 eggs and 
embryos at various stages of development occur. 
The larval trunk is 1.4mm long, and the tail is 
wound half to three quarters of the way around 
It. 

Single median ampullae are in the anterior mid- 
line dorsal and ventral to and alternating with 
the stalked adhesive organs. Ampullae subse- 
quently become bilobed. In mature larvae they 
often appear as paired lobes. An otolith and 
ocellus are in the cerebral vesicle, and a large mass 
of yolk in the centre of the larval trunk. The 
protruding part of each adhesive organ is rather 
narrow and cylindrical. 

Remarks: Preserved colonies of this species are 
readily confused with Polycitor circes which also 
has large gelatinous colonies, and zooids with a 
long thorax decreasing in width posteriorly. 
However, the zooids of P. circes have more 
numerous longitudinal muscle bands, rows of 
stigmata and stomach folds. 

Kott’s (1976) suggestion that the orange in 
certain colonies occurs when the zooids are not 
withdrawn from the surface was not confirmed 
in the present study although eggs and larvae of 
both white and orange zooids contain the same 
orange pigment in the yolk, Orange zooids also 
have pigment in the body wall, and it is absent 
from the white zooids. Apparently there are two 
colour phases of this species. The great range in 
numbers of rows of stigmata referred to by Kott 
(1957a et seq.) probably results from difficulties 
in counting these in contracted zooids. 


Polycitor nubilus n.sp. 
(Fig. 65a,b. Plate 13i) 
DISTRIBUTION 
Tyee LocAurrv: South Australia (Investigator Group, 
Flinders L, Lighthouse Point in caves and overhangs 
8m, coll. N. Holmes, photo index PE0071;R969, 
holotype SAM E2079). 
FURTHER Recorps: None. 
DESCRIPTION 
EXTERNAL APPEARANCE: The holotype colony 
is the only specimen available. It has an almost 


spherical head about 4cm in diameter and a short 
thick stalk about half the diameter of the head. 


Fic. 65, Polycitor nubilus n.sp. (holotype SAM 2079): 
a, zooid; b, colony outline. Polycitor obeliscus 
(holotype MV H167): c, zooid; d, colony outline. 
Scales: a, 0.5mm, b,d, lem; c. Imm. 
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Zooids are relatively crowded. opening all around 
the head. In lile the colony is a cloudy, cream 
colour. with translucent circular areas over each 
£onid, scparated from one another hy narrow 
bands of opaque test. In preservative the test of 
the head is gelatinous, translucent and a slightly 
rosy colour. 


INTERNAL Sioc Zooids are dark in 
preservative, with pigment particles scattered in 
the body wall, especially around the anterior end. 
Z«o01ds arc muscular, and contracted. Each of the 
apertures is deeply divided into 6 pointed or 
rounded lobes. Longitudinal thoracic muscles 
[rom the siphons and the intersiphonal interval 
have the formula 6B.3D.3A. They continuc alone 
the abdomen as two wide ventral bands and 
terminate at the posterior end of the zooid. 
!ransverse muscles are inconspicuous. Twelve 
lairly long tentacles in a posterior circle alternate 
with 12 shorter ones in a second circle. Small. 
irregularly spaced tentacles are in an anterior 
circle. The simple opening of the neural gland is 
dirccted anicriorly. There arc I1 rows of about 
20 rectangular stigmata. 


The long ocsophagus opens into the stomach 
in the posterior quarter. of the abdomen. The 
stomach wall has 15 parallel. longitudinal Tolds. 
An oval posterior stomach is constricted off from 
the rectum in the pole of the gut loop. Gonads 
are present in the gut loop. There is a short, 
hranched vascular extension [rom the posterior 
end of the body. 


Remarks: Although photographs of the living 
specimen do not show the zooids pigmented, the 
dark pigmentation ol the preserved specimens is 
conspicuous and distinctive, Unlike Podreitor 
aunulus n.sp.. which bas darkly pigmented living 
zooids as well as preserved ones, the pigment 
particles are not in longitudinal lines down the 
thorax in the present species but are scattered 
rather evenly in the body wall. becoming more 
crowded anteriorly. Branchial sacs are similar in 
the two species, In addition to the arrangement 
of thc pigment particles in preserved specimens, 
P annulus nsp. differs from the present species 
in having a clear transparent test and more 
numerous (18) longitudinal muscle bands. Of the 
other Pofyeitor spp. with a folded stomach. P. 
calamus n.sp. is distinguished bv its colour and 
long cylindrical stalk, P. circes has more numcrous 
longitudinal thoracic muscles and rows of 
stigmata, and P. cerasus n.sp. has conspicuaus 
circular tharacic muscles as well as thc longitudinal 
ones. The larva of the present new species is not 
known. 


Polseitur abeliscus Kort. 1972 
(Fig. 65c.d) 
Polvenor obeliseum Kort, 972b, p. 1471. 


Dis it non 

Nrw KRicogos None. 

Pis vie siy Ri compro: South Australia (Investigas- 
tor Straus halotype MV HI67). 


Drsc ii PTION 

Es 1FER&NAY. Appr aranci; The holotype is the 
only colony available. The colony is an upright 
cone Sem high and about 2.Scm in diameter 
araund the base. It is firm, with sand throughout 
the internal test. Sand is also in the suríace test 
around the base af the colony, hut absent from 
the surface test of the upper part. Zooids open 
all over the upper surface af the colony. and they 
converge inwards at an angle to the surluce. 
Between sand gratns the test is lirm and 
translucent. 

INdeRNAL StRUCI ri: Zooids are about Ymi 
long but are contracted. The thorax has an almost 
continuous coat of outer longitudinal muscle 
hands overlving the layer of circular ones. [he 
longitudinal muscles continue along the length of 
the abdomen in 2 wide bands. 

There are 6 rows of about 12 stigmata. However. 
stigmata sre hard to count owing to the 
contraction of the thorax -- and it is possible 
there are more. The oesophageal necks of the 
2aoids are particularly long, An almost spherical, 
relatively short and smooth-walled stomach, an 
expanded duodenal area and a short rounded 
posterior stomach are in the descending limb of 
the gut loop at the posterior cnd of the abdomen. 
Mature gonads are not present in these zooids 
(collected in January). Phe larvae are not known. 

Remarks: The species is unusual in Polycitor 
in having embedded sand, and relatively few rows 
of stigmata. The zooid, muscular, and thus 
resembling P. circey, is readily distinguished from 
it hy the smooth stomach and embedded sand. 


Polycitor subarbarensis Kott, 1957 
(Fig. 66a c) 
Polvcitor suharborensis Kore 1957a, p. 81. 


Dis iini dios 

NU Rri nrus None. 

Pursiocst y Recorrent: New South Wales ( Ubladubia, 
AM Y12948 hototype) 


Dest Rim ION 

ENIERNAI Arerarasce. The colony is a small, 
more or less dome-shaped. glassy. transparent, 
sessile cushion about lem in diameter but only 
ahout 0.5¢m high, with 9 nr 10 cylindrical, sand- 
covered root-like structures about lem long 
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Fic. 66, Polycitor subarborensis (holotype AM Y1298): a, colony; b, zooid, c, larva. Polycitor translucidus: d, 
colony (QM G4332); e, zooid with embryos (QM GH4345); f, much contracted zooid with embryos (QM 
GH4343); g, larva (QM GH4325). Scales: a, 2mm; b,e,f, Imm; c,g, 0.2mm; d, 5mm. 
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projecting down and out from the under surface 
of the glassy dome. Occasionally they branch once 
along their length. The sand is embedded in their 
surface test. Zooids opcn on the upper glassy 
surface of the colony and project down into thc 
sandy root-like branches, each terminal branch 
containing the posterior end of one zooid. The 
terminal ends of these branches also have some 
rather short irregular test processes to which 
additional sand adheres, An irrcgular knob of 
zooid-free test growing from the upper surfacc may 
be an abnormality. 

INTERNAL STRUCTURE: Zooids are withdrawn 
from the upper surface in this contracted colony. 
Both apertures are anterior, with a sphincter 
around the base of each short, 6-lobed siphon. 
Longitudinal muscles are numerous, arranged on 
the thorax according to the formula I2B.2D.2A. 
The 6 most ventral muscles lie fairly close to one 
another, crowded together along each side of the 
endostyle. Transverse muscles are inconspicuous. 

On the abdomen, the muscles form 2 or 3 
exccptionally wide bands leave only the dorsal 
border muscle-free. There are 8 rows of about 20 
stigmata. The oesophagus is, as usual, long. 
opening into the smooth-walled stomach in the 
posterior end of the abdomen. Gonads are large, 
with short, lobed, pyriform male follicles and 
about 12 eggs in the ovary. 

'The holotype colony, which was collected in 
January, has single embryos near the surface of 
the head, although none in the zooids themselves. 
These embryos may have been ejected by the zooid 
as it contracted and withdrew from the surface 
while being collected. The larval trunk is 
moderately large (1mm long). with a thick, tough 
test. The tail reaches the anterior end of the trunk. 
Three median adhesive organs alternate with 
ampullae. These ampullae are single and median 
in the immature larvae, but they subsequently 
subdivide into paired lobes, as in the larvae of 
Polycitor giganteus. The central protrusion of the 
adhesive organs is narrow and cylindrical. 

Remarks: Both larvae and zooids (with 8 rows 
of stigmata and the smooth-walled stomach that 
may collapse into 4 folds) are similar to those 
of P. translucidus. However, the present species 
has more longitudinal thoracic muscles, and the 
division of the basal half of the colony into sandy 
root-like process is an almost unique feature, 
shared only with P. emergens n.sp. (sec above). 


Polycitor translucidus Kott, 1957 
(Fig. 66d-g) 
Polycitor translucida Kott, 1957a, p. 81. Monniot and 
Monniot 1987, p. 70; Monniot, 1988, p. 209. 


Ij? 


Polycitor circes: Millar 1975, p. 205 (part, specimen from 

thc Philippines ZMC 19.iii.41). 

? P. crystallinus: Monniot. 1988, p. 209. 
Dis TRIBUTION 

New Recorns: Western Australia (Shark Bay, WAM 
82.83 1041.83; Cockburn Sound, WAM 1034.83). 
Vicioria (Wilson's Promontory, MV F54184). Qucens- 
land (Maroochydore, QM GH4329 GH4358; Wisiari 
Reef, QM GH4333 GH4339 GH4436; Heron 1., QM 
G10010 GH4325-32 GH4334. 8 GH4340-5 GH4368 
GH4370 GH4583). 

PRrviousrv RrconprED: Western Australia (Rottnest 
l. Kott 1957a). French Polynesia (Monniot and 
Monniot 1987). Philippines (Millar 1975). New 
Caledonia (Monniot 1988). 

The few reeords of this species, other than from Heron 
l. where colleciing effort has becn greater than elsewhere, 
may be becausc of its cryptic habit and its completely 
transparent glassy tesl. Its recorded range suggests a 
West Pacifie species probably with the usual wide 
geographic range of thal fauna (see Koti 1985). 
Description 

EXTERNAL APPEARANCE: This beautiful species 
has a wedgc-, mushroom-, top-shaped to upright 
almost cylindrical colony tucked into small 
crevices from which its upper surface protrudes. 
The narrow upright colonies, in which thc head 
is not expanded and the number of zooids are 
fewer are apparently younger than the others. 
Colonies are up to 2cm in diameter on their upper 
surface — which may be flattened or rounded, 
and about |.5cm high. They are fixed by a short 
stalk often separated from the expanded hcad by 
a slight constriction. Zooids extend down into the 
base of the stalk. The test of the head is absolutelv 
clear and glassy and the zooid openings show on 
the surface as fine white rings that disappear as 
the zooids withdraw from the surface when they 
are disturbed. 

In life the thoraces of the zooids are ‘buff ycllow’, 
‘salmon buff’, ‘maize yellow’, to ‘deep chromc’ 
(Ridgeway 1886). The stomach is usually 'cad- 
mium orange’ and developing embryos are also 
orange. In preservative they are cream to pink. 

INTERNAL STRUCTURE: Zooids, when partially 
relaxed. are about 7mm long. They have 6 rounded 
lobes around each aperture, and a shallow band 
of circular muscle fibres around the basc ol each 
short siphon. Nine to 12 wcll separated, longi- 


tudinal muscle bands on the thorax have the 
formula 6-8B,1D,2-4A. These continue along the 


abdomen in the usual 2 wide ventral bands. Twelvc 
rather long tentacles alternate with small almost 
rudimentary ones. Dorsal languets are long and 
pointed. There are 8 to 10 rows of about 20 to 
30 stigmata. The larger colonies (MV F54184, 
WAM 1041.83) have the maximum numbers of 
longitudinal muscle bands and stigmata. 
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The oesophagus is long but usually wrinkled, 
while the rectum is bent, undulating and folded 
in the fixed specimens — which, even though 
narcotised, and with the thorax relaxed, always 
have a contracted abdomen, The stomach, in the 
posterior end of the abdomen has a suture line, 
but apparently no folds. There is an oval posterior 
stomach and a constriction in the pole of the gut 
loop separates it from the rectum. The anal border 
at the posterior end of the atrial cavity is bilabiate. 

Gonads with small pyriform sometimes bilobed 
male follicles are in the gut loop, posterior to the 
stomach. Larvae probably are fertilised and 
complete their development in the posterior part 
of the atrial cavity, where up to 6 embryos are 
crowded. Larvae are in colonies collected in May, 
July, August and November, but not in colonies 
collected between January and March — the 
hottest time of the year at Heron I. where diurnal 
temperature variations in the intertidal area are 
high. 

Larvae are small, with a trunk 0.6 to 0.8mm 
long. The tail is wound half to three-quarters of 
the distance around the trunk, The 3 adhesive 
organs, on narrow stalks, alternate with conical 
ectodermal ampullae in the median line. The 
central protrusion of the adhesive organs is narrow 
and cylindrical. 

REMARKS: One of the principal characteristics 
of this species is the small size and simplicity of 
its zooids (which probably is a result of its small 
size), viz. relatively few rows of stigmata and 
muscle bands, a smooth stomach (rather than one 
with folds), and small larvae. The colour of the 
living specimens resembles the range found in 
Polycitor giganteus, although the test is clearer 
and more glassy in the present species. 

Specimens from New Caledonia assigned to the 
Mediterranean P. crystallinus by Monniot (1988) 
may be synonyms of the present species although 
their colonies are larger than usual. Both zooids 
and larvae are similar, and it is possible the 
colonies increase in size with age, and in sublittoral 
habitats. 


Genus Cystodytes Drasche, 1884 


Type species: Distoma dellachiajei Della Valle, 
1877. 


The genus is characterised by the presence of 
a capsule formed of layers of overlapping saucer- 
shaped calcareous spicules that encases the 
abdomen of each zooid, and into which the whole 
zooid sometimes withdraws when it contracts. The 
cavity in the firm, gelatinous and translucent test 
in which the zooids are contained is hourglass- 
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shaped — the thoracic and abdominal compart- 
ments being partially separated by a constriction 
of the test with a circular constrictor muscle 
embedded in it. This circular muscle is connected 
to the zooid around the top of the oesophageal 
neck. The strong musculature consists of a thoracic 
meshwork of longitudinal and transverse bands, 
with the longitudinal muscles continuing onto the 
abdomen as a pair of wide bands, one on each 
side of the mid-ventral line. There are 4 rows of 
stigmata without parastigmatic vessels. The shield- 
shaped stomach is smooth, in the posterior half 
of the abdomen. Gonads, consisting of a circular 
arrangement of club-shaped testis follicles 
converging toward the vas deferens at the centre 
of the circle, and an ovary containing one egg, 
are in the gut loop. Zooids, usually in circles with 
the atrial apertures in the centre of the circle, form 
rudimentary systems as in Eudistoma and 
Polycitorella. 

A single large embryo incubates in the brood 
pouch, which is constricted off from the body wall 
at the top of the abdomen. The egg apparently 
is fertilised at the base of the oviduct. As it 
increases in size and moves up the body it projects 
from the side of the abdomen and becomes more 
constricted from it. 

The larva has primarily 3 stalked adhesive 
organs in the anterior mid-line surrounded by a 
circular fold of the larval ectoderm. As the larva 
matures, long radial grooves develop between the 
base of this fold and its anterior edge. Subse- 
quently the grooves perforate leaving. embedded 
in the test around the adhesive organs, a ring of 
ectoderm attached by strands to the main part 
of the larval trunk. This unusual apparatus is 
homologous with the ectodermal ampullae of 
other forms. Instead of separate external ampullae 
projecting from around the anterior end of the 
trunk, a continuous ring of ectoderm projects 
forwards. 

Adhesive organs have a large conical central 
protrusion with the same bulbous appearance as 
the central cone of the adhesive organs in Distaplia 
(see Cloney 1977), and differing from the more 
or less cylindrical, flat-topped, central protrusion 
generally found in the adhesive organs of the 
Polycitoridae. There also are 4 rows of stigmata 
in the oozooid like Distaplia. 

Despite this resemblance to larvae of Distaplia, 
the relationships of the genus appear with 
Polycitorella, which also has particularly muscular 
zooids, a constrictor muscle embedded in the test 
around the top ofthe oesophageal neck, calcareous 
spicules, and a single embryo brooded at the top 
of the abdomen. 
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Cystodytes may be more diverse than is known 
at present, However, although several species have 
been described, their distinctions from the 
apparently wide-ranging species Cystodytes 
dellachiajei are not satisfactory. As could be 
expected for such a wide-ranging species, the 
recorded specimens demonstrate a deal of diversity 
reflected in the pigmentation and size of the 
colonies. Although at this stage the diversity in 
specimens assigned to this species is attributed to 
intraspecific variations, it is possible that genetic 
studies could establish patterns that result from 
speciation. Zooids are remarkably uniform, 
although their strong musculature does allow for 
a degree of flexibility in their superficial 
appearance. 


Cystodytes dellachiajei (Della Valle, 1877) 
(Fig. 67. Plate 14a-d) 

? Aplidium lobatum Della Chiajci, 1841, p. 30, 

Distoma dellachiajei Della Valle, 1877, p. 40. 

Cystodytes dellachiajei: Hartmeyer, 1912, p. 171. 
Michaelsen, 1915, p. 483; 1923, p.28; 1930, p. 501. 
Harant, 1929, p. 41. Van Name, 1945, p. 133. Brewin, 
1948, p. 119; 1951, p. 104; 1952a, p. 452; 1956c, p. 
122; 1958, p. 44; 1960. p. 119. Kott, 1954, p. 154; 
1972a, p. 11; 1972b, p. 172; 1981, p. 154. Tokioka, 
1950, p. 120. Millar, 1953b, p. 284; 1960, p. 82: 1962, 
p. 143; 1963a. p. 713; 1964, p. 166; 1966a, p. 365: 
1978, p. 100: 1982, p. 15. 

Cystodytes dellachiaiae: Van Name, 1921. p. 360. Berrill, 
1932, p. 78. Kott, 1957a, p. 68. 

Cystodytes Della Chiajei; Péres, 1948, p. 17. 

Crstodyres durus Drasche, 1883, p. 13. 

Cystodytes cretaceous Drasche, 1883, p. 18. 

Cystodvtes draschii Herdman, 1886, p. 137. Van Name, 
1902, p. 347. Michaelsen, 1915, p. 484 (draschei); 1924, 
1924, p. 286 (draschei). 

Cystodytes philippinensis Herdman, 1886, p. 140; 1891, 
p. 615. Sluitcr, 1909, p. 28. Caullery, 1909, p. 45. 
Hartmeyer, 1909, p. 1434. Van Namc, 1918, p. 138. 

Cystodytes aucklandicus Nott, 1892, p. 323. 

Cystodytes perspicuus Nott, 1892, p. 326. 

Cystodytes violaceus Van Name, 1902, p. 348. Harant, 
1925, p. 3. 

Cystodytes ceylonensis Herdman, 1906, p. 334. 

Crstodytes hapu Monniot and Monniot, 1987. p. 64. 


DISTRIBUTION 

New Recorps: Western Australia (Port Hedland, 
WAM 1013.83; Recherche Archipelago, WAM 149.75; 
Shark Bay, WAM 827.83; Cervantes Reef, WAM 194.87; 
Houtmans' Abrolhos, WAM 386.75 825.83 200.88 
204.88; Dongara WAM 1011 2.83, Cockburn Sound, 
WAM 8,75 865,82 817.83 919.83 1010.83). South 
Australia (Great Australian Bight, QM GH2382,; 
Spencer Gulf, QM GH4404; St Vincent Gull, QM 
GH 2401-2). Tasmania (d'Entrccasteaux Channel QM 
GH9996). Victoria (Portsea, QM G11922). New South 
Wales (Jervis Bay, QM G10019). Qucensland (Capricorn 
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Group, QM G9481 G9596 G9890-3 G9895 G9897-9 
69901. 7 G9922 G10017. 8 G10033 GH3478-9 GH3816 
GH4383-4 GH4412 8 GH4443-6 GH4476; Lizard 1, 
GH3118 GH3826). 

Previoust v Rrcog prp: Western Australia (Dampicr 
Archipelago — Millar 1963a; Shark Bay — Michaclsen 
1930; Cockburn Sound — Michaelsen 1930, Kott 1957a; 
Albany - Kott 1954 1957a). South Australia (Great 
Australian Bight — Kott 1972b; St. Vincent Gulí 
Kott 1972a). Tasmania (Maria I, Kott 1954). Victoria 
(Port Phillip Bay Millar 1966a; Barwon Heads 
Millar 1966a). New Zcaland (North, South and Chatham 
Is — Nott 1892, Michaelsen 1924, Brewin 1948 1951 
1952a 1956c 1958, Millar 1960 1982). New Caledonia 
(Monniot 1988). Palau Is (Tokioka 1950). Philippines 
(Herdman 1886, Sluiter 1909, Van Name 1918). Fiji (Kott 
1981). Tahiti (Monniot and Monniot 1987), Sri Lanka 
(Herdman 1906), West Indian Ocean (Mozambique 
Millar 1962). Mediterranean (Della Valle 1877, Drasche 
1883, Harant 1925 1929), Eastern Atlantic (West Alrica 
— Michaclsen 1915, Millar 1953b, Péres 1948, Canary 
Is Hartmeycr 1912; Azores — Michaelsen 1923). 
Western Atlantic (Bermuda Van Name 1902; Brazil 

Herdman 1886; Millar 1978; Patagonian Shelf — 
Millar 1960; Virgin Is Van Name 1902) Eastern 
Pacific (California Van Name 1902). 

The species is not confined to the tropics, It extends 
around the temperate coast of Australia, and south to 
thc Patagonian region in the eastern Pacific. in the 
Atlantic it extends north to the Azores and Canary ls. 
There arc two surprising gaps in the recorded range 
the species is not known from either the western Pacific 
north of the Philippines, or from South Africa. It could 
be expected to occur in those locations. The species also 
has a wide depth range, from the intertidal zonc down 
to 736m (off Brazil: Herdman 1886). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are cushion- 
shaped to large investing shcets of translucent, 
firm, gelatinous test, through which patches of 
white — the capsules of saucer-shaped calcareous 
spicules up to 0.8mm in diameter — can be 
detected. In one colony from South Australia (QM 
GH2382) small spheroidal spicules in the test 
surround thc top of each of the capsules. Living 
colonies that arc white, through pink to purple 
(auricular purple’: Ridgeway 1886) become glassy 
and transparent to pinkish-brown, and cloudy 
pink in alcohol preservative. Those grey-black, 
red-brown and ‘dragon’s blood red’ (Ridgeway 
1886) when living, are grey-greenish-black in 
preservative, Morphological differences are not 
associated with the different colours (see Remarks, 
below). 

Zooids are evenly spaced, in circles of 4 to 8. 
with their atrial apertures in the centre of thecircle. 
This arrangement is not easy to see in most 
contracted, preserved colonies, especially as the 
zooids usually arc withdrawn away from the 
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Fic. 67, Cystodytes dellachiajei: a, zooid partially relaxed (QM GH4413); b, zooid contracted, egg half way 
up abdomen (QM G9902); c, dorsal part of pharynx, showing last row of stigmata on each side turning posteriorly 
along the mid-dorsal line (QM GH4413); d, immature larvae (QM G5478); e, maturing larva (QM GH3826); 
f,g. large embryos before perforation of ampullary fold (WAM 165.75); h,i, larvae with 5 adhesive organs 
before and after perforation of ampullary fold (QM G9898). Scales: a, 0.5mm; b,c, 0.25mm; d-i, 0.1 mm. 
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sii face into the calcarcous capsules in the middle 
to basal part of the test. The test has a smooth 
and even surlace, Pigment particles are concen- 
trated in the middle layer around the capsules and 
between the crowded bladder cells (which occur 
throughout the firm test), The branchial aud atrial 
openings of the zoouts are 6-lobed and do not 
protrude from the surface. The capsules ace usually 
vertical, but occasionally are oblique or even 
recumbent. In same of the colonies (e.g. OM 
GH2382) the surface is depressed. in the cenire 
ol each circle ol zooid and forms an incipient 
cloacal cavity into which the atrial apertures apen, 

INIERNAL Siaverur:: Zooids arc muscular. 
with numerous but fine longitudinal bands Irom 
each ol the siphons, Those that extend Irom the 
Facing sides of the siphons cross one iinother on 
the sides of the thorax There are at least 20 
longitudinal bands (rom cach siphon, and also 
numerous line transverse muscles, Sphincters arc 
üround the base of cach siphon, The longitudinal 
muscles extend onto the abdomen as 2 wide, strong 
bands, one on each side of the ventral mid-tine. 
They terminate abruptly at the posterior end of 
the abdomen. A circular evagination of the body 
wall around the top of the oesophageal neck 
contains the circular muscle emhedded in the test, 
The test is constricted at this point to form the 
narrow canal between the thoracic and abdominal 
cavities. 

The large uumber of museles confers great 
flexibility in the wavs these zooids contract, 
affecting the relationships and relative length of 
parts of the body including the siphons. The 
abdomen is especially affected. often being bent 
up at an angle to the thorax. and the two parallel 
limbs of the gut loop are often diuned away 
from the parallel arrangement they display in the 
rclaxed zooids. Zooids are up to 4mni long when 
extended, Siphons (especially the atrial siphon) 
vary in length with contraction. sometimes being 
párueularly long. Six lobes border cach aperture. 


Twelve branchial tentacles arise from the edge 
of a marow muscular velum just anterior to and 
alternating with a circle of 12 more robust tentacles 
of equal length. The ncural gland has o simple. 
anteriarly oriented opening lying in a narrow 
prebranchial area. An extensive unperforated 
pharyngeal ares exists hoth anterior and posterior 
to the stigmata, Dorsal languets are long and 
pointed. There are about 25 stigmata in each of 
4 rows, In one glassy, transparent eolony and in 
a grey-black colony with relatively relaxed zooids, 
the fourth row of stigmata was turned posteriorly 
alang each side af the dorsal sinus, th was not 


el 


observed in alt colonies and is cither a variable 
phenomenon or obseured by contcaetion. 

The gut loop is about the same length as the 
thorax The smooth surtaced sliekd- shaped 
stomach is at least halfway down the abdomen, 
although this is not appareat in any but relaxed 
zooids. There is a short mid-intestine, hut no 
posterar stomach, Che vectum originates in the 
descending limb ol the gut loop and the bilubiate 
sna! opening is at the base of the atrial cavity. 
Esch tip of the anus has about $ small papillze 
along its border. 

The testis consists ol a dome-shaped miss uf 
up te [8 club shaped lollicfes converging ta the 
piosimal end of the vas defercus in the centre 
of the more or less Mat side of the dame on the 
right side of the abdomen. Occasionally 3 large 
ovum is on the right side ot the gut loop, When 
testis follicles are not well developed, the vas 
deferens loops posteriorly and curves around the 
circumference of the ovum, when present, before 
extending anteriorly more or less parallel 10 the 
rectum. However, the vas delerens does not loop 
posteriorly when the testis l'ollicles are mature. 
as Uic duct is stretehed over the autside of the 
swollen follicles, 

The laree ovum probably is fertilised at the base 
of the oviduct. The embryo increases in size us 
| moves up toward the tap af the abdomen, 
protruding fram the body wall as it goes. As it 
increases in sive the embryo in its brood pouch 
is separated from the upper part of the abdomen 
by an increasingly narrow constiietion. Occasiun- 
ally a second, but much smaller emhryo in x 
secondary broad pouch, is separated from the 
primary one by a constricuon (QM GU898). 

In specimens from Heron |, ova are in the 
abdomen in July and August, and embryos in 
April (QM GH3478). July (OM GH3816), August 
(QM GH9895 GIf9898) and October (QM 
GH4384), and alsa in April at Lizard J. (QM 
G9903). In South Australia larvae are present in 
March (QM GH2382). Gonads are absent frora 
some specimens collected in March and Sep- 
tembei, although mature testes are in sume 
collected in March and August. tt is difficult to 
deduce the breeding pattern. despite the large 
number ol specimens available. In the tropics there 
scem at least 2 breeding seasons, autumn and 
spring. The species is probably protandrous, 

The larva is large. the trunk from 0.75mm to 
Lanm long and sometimes even deeper. [here 
are usually 3 adhesive organs in the anterior mid- 
line. In two specimens from North West Reef, 
Capricorn Group, one purple and unc. reddish 
brown and another purple one trom Wistar Reel 
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(QM G9898 GYSSS GH43541 there are d to 7 
adhesive m gans. Other colonies of all colnurs have 
larvae with the usual 3 adhesive organs, These 
larvae all have the churacterisuc ectodermal ring 
around the adhesive argans. They have 4 cows 
of stigmata. 

Remarks: [his species has always been poorly 
described, owing to the marked contracuion of the 
strong body muscles, The zoaids are dillicult to 
narcolise, and in the newly recorded material trom 
the Capricorn Group which were all narcotised 
(nie nthol) belore Fixation, only one specimen (QM 
G114413) has the whale zanid. including the 
thorax, extended, Herdman (1886) refers to ‘small’ 
and ‘not very numerous stigmata, and "exeeption- 
ally long and numerous’ branchial tentacles 
(Herdman. |886, p. 136). None ol these ohser- 
vations could be confirmed in the course of Ihe 
present sitidy, Similarly, Van Name (1945, p. 133) 
incorreetly believed embryos were incubated in the 
atrial cavity, and the longitudinal museles spread 
out over the sides of abdomen in a thin layer. 

The interpretation. of Ihe colour variations in 
this species is a problein.. he 3 most commonly 
occurring types are those with glassy transparent 
lest, both living and in preservative, whieh usually 
larm rather small cushions never more than lem 
in diumeter: those with a deep purple oi ‘cinnamon 
rulus' or'dragon' hlond red (Ridgeway 1886) test 
which form rather larger cushions up ta 2em in 
diameter. and are a cloudy brownish pink in 
preservatives and those that ure grey-hluck both 
living and ia preservative that sometimes l'orm 
more extensive colonies. However, intermediate 
forms do occur small light grey colonies, 
transparent pink ones, and extensive sheets of 
purple colony. Variations occur in the number ol 
larval adhesive organs and in the size and shape 
al the larval trunk, but these cannot be correlated 
with any classification based on the colour or size 
ol the colony. No other vanutions in zooid 
morpholagy were observed. Further, the different 
tolour variants occur sympatrically throughout 
the wide range set out above, hey could either 
be indicative of genetic diversity in this cosmo- 
pohlan species: or metabolic colours relating to 
hahitat oc dict or some combination pf these 
luctprs. 

The small spheroidal spicules thar l'okinka 
(1950] used to separate Crsrodyres philippinensis 
Herdman, 1886 [rom the present species occur also 
in a specimen from Soulh. Australia (QM 
(1H 2382). 

Without nny indication of how each is related 
lu previously recorded material, or to oue another, 
Munnat (F., 1988) hus described 7 new species 
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al Crscodites [rom New Caledonia. These species 
have bean determined on the basis ol coloui, the 
presence or absence of systems, the course ol the 
proximal part ol the vas deferens, the number of 
testis follicles, the numbers ol siphonal lobes, the 
position al the broad pauch, the length of ihe 
larval trunk. and the number of lurval adhesive 
organs. 

In the Austrahan material examined. in tlie 
course of the present study the same range in each 
ol these characters exists as that found in the New 
Caledonian speeies combined. However, the same 
combinations have not heen [ound. Specimens 
Iram the Capricorn Group, one coloured "taffee 
apple'(Ridgeway 1886: QM G989) und two purple 
(QM C9895 GH4384), have Irom 4 to 7 larval 
adhesive organs and the length ol the larval trunk 
in only a single colony ranges from 0,9 to 1.2mm. 
Dark violet colonies Irom South Australia (QM 
GH2382) have up to 20 male follicles. as do some 
from the Capricorn Group (QM 6GH3471) 
coloured ‘dragons blood red^ (Ridgeway 1886). 
Generally, however, the number ol testis follicles 
Appears to increase wilh the size and rabustness 
ol the colony. The size of the testis also allects 
the curve ol the proximal part of the vas delerens, 
which in some ol the Australian specimens. is 
markedly looped, but runs a straight course when 
the testis follicles are expanded. Is course is also 
affected hy contraction ol the vooid and the 
maturation of the ovum, 

Hic other character that F, Monniot (1988) has 
invoked to justily Ihe erection nl new species in 
this genus is the position. of the broad pouch, 
Cystodvtes fuscus, C. punctatus and C. vielatine- 
Ius are said to brood their larvae at thoracic level, 
whale in C, mucosus the brood pouch is said to 
be opposite the stomach, In fact the broad pouches 
of the first two spectes appear to be in the usual 
position at the top of the abdomen, und in the 
latter species (with its brood pouch level with the 
stomach) the embryo w at an early stage. ul 
develapment, and no doubt will move anteriorly 
before it campletes it as the embryos in the 
Present collections have. heen observed to do. 
Monniot appears to have overlooked Ihe fact that 
the anal opening is at the posterior end of the 
atrial cavity, A more anterior position is an 
artefact resulting from distortion of 200ids. 
l'urther, in this genus no incipient brood pouch 
develops independently ol the embryo as in 
Holozoidae. In Cystodytes the egg apparently is 
lertilised at the base of the oviduet, and increases 
im sive and maturity as it moves up the abdomen. 
It protrudes more and more from the body wall 
as it does so, until, at the top of the oviduct it 
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iS separated from the body wall by a sharp 
constriction — but never by š narrow stalk. 

lt is possible that the material on which Monniot 
(V., 1988) erected these new species of Crsrodytes 
was inadcquate to identify intraspecilic variation 

only one colony of C. punctatus had larvae, 
and these are al a early stage of developineat; 
the description of C. fuscus ts based on a single 
colony; and that of C. mucosus on only 3. tt is 
not tmpossihle that new, including genetic, data 
could in due course, establish an objective basis 
on which io separate certain Pacific and Australian 
populations of Cysrodytes from C. dellachiajet. 
Mowever, currently it is not possible, Cystodytes 
hapu Monniot and Monniot. 1987 has no 
characters justiling its separation feom the present 
species, 


Genus Volycitarella Michaelsen, 1924 


Type species: Pofveitorella mariae. Michaelsen, 
1924 


Palveuarella contains species with calcareous 
spicules in the test, zooids with more than d rows 
of stigmata, a moderately long oesophageal neck, 
gonads in the posterior end of the abdomen. 6- 
lobed hranchial and atrial apertures (each upening 
separately to the exterior), outer longitudinal 
muscle bands that extend the whole length of the 
z*oid and an inner layer of circular muscles. The 
test is firm, rigid and packed with bladder cells. 
Zooids are usually arranged in circles to farm 
rudimentary systems as in Crsrodvies and 
Eudistoma. 

An unusual circular constrictor muscle is 
around the outside of the zooid at the tup of the 
oesophageal neck as in Crstodytes. This muscle 
is completely embedded in the test which at this 
level partially separates the cavity in which the 
zooid is contained into an upper thoracic and a 
lower abdominal compartment. This constrictor 
muscle is almost completely separate from the 
Zavid. tts attachment to it being only tenuous. 
und often is found completely isolated trom the 
zuid - left behind in the test wlien the zooid 
contracts. Phe zooid musculature is strong and 
/ooids are strongly contractile, often being found 
with the abdomen bent up against the thorax as 
in Cystodytes. On contraction, zooids withdraw 
irom the surface as in other genera of Polycito- 
ridae. Contracted zooids are often lound in the 


abdominal test compartment in the lower half of 


the colony (as they are in Cysrodyies). 
Michaclsen (1924) reported specific organs for 

the formation of spicules on each side of the upper 

part of the oesophageal neck These were not 
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detected in any of the specimens examined in the 
course of the present study. although in many an 
oval mass of crowded, small spicules is embedded 
in rhe test at each side ol the posterior. end ul 
the endostyle, these may be spicule-Torming sites 
as are the lateral organs of the Didemnidae. 

The genus resembles Polycttor in its numerous 
rows of stigmata, position of the gonads, 
separately opening 6-lobed apertures, and tts 
larvae with median adhesive organs and lateral 
ampullae. It is distinguished by the constrictor 
muscle and the calcareous spicules in the test. Ihe 
spicules resemble those of the Didemnidae 
although no direct phylogenetic relationship is 
implied. 

A single embryo is brooded in a pouch thet 
prajects from the top of the oesophageal neck 
Larvae are. known for P"olveiterella. coronaria 
Monniat, 1988 (> P. mariae: Millar, 19633) and 
P. onentalis nsp. (> P. mariae, Monmot, 1988) 
They have a large trunk. ectodermal ampullac. 
and wide adhesive organs on relatively long stalks. 
Ihe adhesive organs resemble those of Crsrodites, 
the axial protrusion constricted hasally to [orm 
a wide mushroom-shaped conical protrusion 
resembling the axial cone of Distaplia rather than 
the flai-topped cylinder of Polycirar and 
Eudistoma. 

The general shape and contractibility of the 
7ooids, their arrangement in circular systems. the 
firm. rigid test packed with bladder cells, the 
circular abdominal muscle, the brooding of a 
single embryo at the top of the abdomen, the 
capacity to form calcareous spicules, and the shape 
ol the davat adhesive organs, suggest a relation- 
ship with Cysrodytes. Polveitorella is distinguished 
by tts more numerous rows of stigmata, and the 
shape of the spicules which are stellate rather than 
flat and saucer-shaped 

Previously "olvcitorella was known only trom 
single colonies trom the Indias and western Pacific 
oceans the Gulf of Suez. South Africa, the 
North | (New Zealaad) and Port Phillip Bav 
(Victoria). The 2 species described helow are the 
only ones lor which numerous specimens are now 
available. and these indicate a high. degrec of 
ivatraspecifie diversity. The known species appear 
closely related. 

The genus appears confined to the Indo-West 
Pacific, In addition to the 2 Australian species. 
the folluwiag ae known, but have noi hren 
recorded [rom Australia: 

Polvcitorella hospitiolis (Savigny, 1516) — 

Eneoelium hospitiolum Savigny. [rom the Gulf 

ol Suez resembles Polvcitorella orientalis wap. 
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in the distribution of its spicules, hut has fewer 
(6) vows of stigmata. 

Polveitorella mariae Michaelsen, 1924 [rom the 
North 1, New Zealand is a stalked colony with 
debris attached to the stalk, without circular 
systems, and with small (0.018 to 0.025mm 
diameter) spicules (ZMC 2.1.1918). 

Polycilorella pallida Millar, 1962 from South 
Africa has a large, sessile colony. stellate spicules 
up to 0.06mm diameter, but ¢ooids are not 
arranged in systems, 

Polycitarella peresi Plante and Vasseur, 1965 from 
Madagascar has brick-red colonies and spicules 
up to 0,03mm with flat-ended rays. 

Polyeitorella seroensis Nishikawa, 1980 from 
Japan has unusual disc- shaped spicules as well 
as Stellate ones. 


Polycitorella coronaria Monniot, [988 
(Fig. 68. Plate 1de) 
Polycirarella corenaria Monmot, 1988, p. 228. 
Palycitorella marine: Millar, 19633, p. 711. 


DISTRIBUTION 

New Rreomus Western Australia (Northwest Cape, 
WAM 828.83; Shark Bay, WAM 8189.83 OM G H2143- 
4; Abrolhos, WAM 820.83 OM GH2143, WAM 824.83 
826.83 829.83 191.88 214. 6,88 220.88 222,44 233.88: 
Cervantes 1, WAM 194,87; Cockburn Sound, WAM 
842.83 OM GH2125, WAM 844.83 OM GH2LM). South 
Australia (Great Australian Bight, Ward |, QM GH924 
GH2377, NTM E33; Pearson 1. QM GH 1313). 

Pugviousiy RrcogprD. South Australia (Great 
Australian Bight — Monniot, F. 1988). Victoria (Part 
Philip — Millar 19634), 

The species is recorded from 3 to 190m. It is common 
off southern and western Australia as far north as 
Northwest Cape, It has not yet been recorded [rom 
tropical waters of the western Pacific, although, 
strangely, Monniot (F,, 1988) described ir (from a single 
colony from the Great Australian Bight) in 3 paper on 
ascidians (rom New Caledonia. 

The numerous specimens examined in the present 
study has made it possible to more fully document the 
species; and Lo emphasise one of its main charactensttes 

the regular cosh(oo-shape of the larger specimens 

which, despite the species name, was nor altogether 
apparent from the single erescentic colony on which the 
original deseription was based. Sadly, despite the large 
number of specimens already available in Australian 
museums, the holotype of this common Australian 
species is lodged in the Museum National d'Histoire 
Naturelle, Paris, having been donated by the US 
National Museum (see Monniol, F., T988). 


DESCRIPTION 

EXIPRNAL ArrrARANCE: Most of the recorded 
colonies are massive circular, oval or long and 
slightly convex cushions up to bem iñ maximum 
dimension and aboul 3cm high. Large colonies 
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are fixed by the whole ol (he basal surface. When 
1l 1s curved over rubble er other substrates the 
whole colony becomes dome-shaped. Smaller 
colonies usually have a thick stalk, up to 3cm long, 
with a slightly wider almost spherical to dome- 
shaped head. The stalk is progressively lost as the 
colony increases in size, the head increasing in 
diameter and becoming flatter on the upper 
surface. 

Colonies show considerable colour yariation, 
which is affected by the distribution of dark 
spherical pigment cells and white calcareous 
spicules, The upper surface is white, grey or black 
with black or white patches where rhe apertures 
open to Ihe surface. The lower half of the colony 
is always a dirty white colour, Pigment cells are 
present in the test of the upper surface, and 
sometimes in the thin layer that curves in to line 
each siphon, They are present also around the 
zooid compartinents in the test, Pigment cells are 
also scattered sparsely in the internal test of the 
upper part of the colony, becoming more sparse 
toward the base, White calcareous spicules are 
always in the external test of the stalk and usually 
(but not always) in the basal half of the colony. 
hey are also in the internal test of the lower half 
of the colony around the abdominal parts of the 
70mds. Spicules are usually mixed with pigment 
cells in the surface layer of test over the upper 
part of the colony making it grey, The upper part 
of the colony is black if spicules are absent from 
the surface test. Spicules are in the surface test 
only around the apertures creating a pattern of 
white patches where the zooids open to the surface, 
Internally spicules are always absent from a chin 
layer of test that lines the cavities containing the 
zooids. Otherwise they are either throughout the 
internal test, only in patches or in a layer at the 
upper abdominal level, or only in the upper half 
of the colony. or absent altogether from the top 
half. Spicules are stellate, 0.04 to 0,08mm 
diameter, with 5 to 7 conical rays in optical section. 
Sometimes mulberry-like spicules with rounded 
rays also occur. Oval masses of small, crowded 
spicules are sometimes visible at each side of the 
posterior end. of the endostyle, embedded in the 
otherwise spicule-tree layer of test that lines the 
cavities containing the zooids, Although no actual 
sac connected to the body wall of the zooid was 
detected, these oval masses of small spicules 
probably are where spicules are generated. 

Zoids are always in evenly spaced circular 
systems OF 7 to 10 zooids, the 6-lobed branchial 
apertures present in à wide outer circle with the 
6-lobed atrial apertures, on the end of relatively 
lung siphons opening in a small tight inner circle 
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Fia. 68, Polycitorella coronaria: a, large colony showing arrangement of zooid openings in circles (WAM 844.83); 
b-d, outline of various colonies (WAM 818.83 826.83 824.83); e, a scction through a system showing zooids 
embedded in the test with atrial openings near centre of circle, and branchial openings in thc outer circle 
(WAM 216.88); f, zooid showing long atrial siphon and oesophageal constrictor muscle (WAM 214.88); g, 
posterior end of thorax and contracted abdomen showing detail of testis and vas deferens (WAM 819.83): 
h, larva (QM GH 1313). Scales: a, 2cm; b-d, lcm; ef, Imm; g, 0.5mm; h, 0.2mm. 
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somelimes around a central. depression, the 
centres ol the systems ore about Imm away [rom 
one another. fhe atrial]. apertures are on long 
siphons that reach mta the centre at the circle 
and, when open and extended, the anterior atrial 
lobes ure longer than the posterior ones a 
phenomenon commonly observed where atrial 
siphons open in the centre of ineipiciit Circular 
systems (see Cudistomau) 

[hc Jesh is firm und, when spicules are ahsent, 
it is glassy, transparent and packed with hladder 
cells, Zooids are accommodated. m large, rigid 
hourglass-shaped compartments in the firmi test, 
the thoracic and abdominal section of each 
compartment separated by the lest constriction 
with its embedded constrictor muscle, 

From the condition ol the zooids, apparently 
the whole zooid Withdraws from the surface on 
voritraction. The constrictor muscle sometimes has 
conteneted around the top of Lhe abdomen helore 
the thorax is withdrawn into the abdominal 
chamber, and it is assumed that this usually would 
occur in lile. £n some ol the material examined 
Ipywever, contraction has been so Violent that the 
zoo)d has lust its attachment lo the muscle, and 
has campletely withdtawn into the abdominal 
compartment. In other specimens the contracted 
constrictor muscle has strangled the thorax at 
various points along tts length us it was beng 
withdrawu into the abdominal compartment 
sametimes contraching around the top ol the 
thorax and strangling the zooid behind the siphons 
yr occasionally catching only the two siphons. 

ÎNIIRNAL STRUCTURE. Test. compartinents 
containing the zooids are about one ta 2em in 
tatal length. Tt is assumed that living, zooids 
completely fill. these spaces. The thorax and 
abdomen appear of almost equal length in their 
extended candition, Contracted zooids are fram 
4 Lo Bnint.. The branchial aperture is terminal, and 
the atrial aperture extends obliquely on Ihe end 
of its long siphon inta the centre of Ihe circular 
system of zooids. Externally there are about 20 
longitudinal muscles on each side of the thorax 
and these continue in wide bands along each side 
ol the abdomen, A layer ol inner circular muscles 
is present beneath the longitudinal ones on the 
thorax, Sphineters surround each. aperture, and 
the constrictor muscle (described above) is at the 
top of the abdomen. 

Twelvé long branchial tentacles alternate with 
shorter oues in a siugle circle at the base of the 
branchial siphon, although difficult ta count, 
There are 10 to 20 rows of [5 to 30 stigmata. 
The number of stigmata appear to increase with 
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the size of the colony. Dorsal hinguels ¿“re 
triangular and present in the mid-line. 

The oesophagus is vertical in partially relaxed 
7ooids (WAM 214,88) and opens inta the long 
stomach in the posterior half to one-third of the 
abdomen The stomach wall is smooth externally, 
and has papillations internally. It ts not folded. 
There is a short duadenal area and a small rounded 
posterior stomach constricted fram the rectum in 
the pole ol the gut loop. 

When mature. the teslis is large. consisting ol 
a mass of numerous short follicles that project 
out (rom the foop of the gut. The vas deferens 
arises (ram the center of the mass and loops nut 
around the outside of the anterior half of the mass 
before it extends anteriorly up the oesophageal 
neck to the atrial cavity. Only a single egg at a 
time was found outside the male follicles. 

South Australian specimens had mature gonads 
and larvae in March (QM GH1313) and April. 
In the Western Austcalia material they were also 
mature in seme (but not all) specimens trom 
Cervantes and Irom the Abrolhos collected in 
Mareh and Apiu. A large embryo is in the oviduct 
at the top of the ahdomen in ane colony only 
(QM GH2377). Larvae also are. present in the 
brood pouch at the top of the oesophageal neck 
in the specimen from Port Phillip (Millar 1963: 
BMS$5.11.20,48). The larval trunk is 1,1 to | 2mm 
long and has 4 pairs of lateral ampullac alternating 
with the 3 median adhesive organs at the anterior 
cnd. 

Rimangns: This species is variable in colour 
pattern (thaugh not in calour) and in the shape 
of the colony, [he colour is always some 
combination of black and white the former 
varying according to the distribution of the black 
pigment cells, and the latter according to the 
distribution of the calcarcous spicules. Variations 
In Uie shape of the colony depend an its size und 
the nature ol the substrate. 

Polveitorella coronaria is readily distinguished 
Irom previously deseribed species by the arran- 
gement of its 200ids in circular systems emphasised 
by the colour patterns in the calonies, Further, 
the spicules of the present species are larger than 
thase ol the New Zealand species P. mariae, which 
have a maximum diameter of 0.025mm, Spicules 
of P, pallida from South Africa are larger (tu 
0.06mm diameter) and ace similar ta those af the 
present species. Millar (1963a) observed the test 
constriction hetween the abdominal und thoracic 
compartments, hut overlooked the muscle 
enthedded init. Policitorella mariae: Millis, 19634 
from Port Phillip (Victoria) has spicules pf 
006mm diameter, and although Millar observed 
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only mulberry-like spicules with rounded rays, the 
specimen prohably helongs to the present species. 
Similar spicules do occur in specimens from 
Western Australia, although they are mixed with 
stellate ones, Larvae af the Victorian specimen 
are identical with those Irom South Australia, 

Polycitorella orientalis has smaller colonics, its 
largest spicules are less thun half the size of thosc 
in the present species, zooids are only occasionally 
grouped into small systems, and the larval trunk 
is almost twice the size of that af the present species 
(sce F. Monniot 1988). 


Polycitorella orientalis n.sp. 
(Fig. 69. Plate 14f,z) 


Polycitorella mariae: Monmot, F., 1988, p. 227. 


Distrint 11058 

"spi Locarisy Queensland (Swain Reefs, under 
ledge 8m, AMPI 133, coll. N. Coleman, 9.7.74, holotype 
OM G9477, paratype QM GH442U; coll. J. Watson 
10. (0.74, paratype QM GH 4420). 

Vcsrurg Ricorp. Queensland (Heron |, specimen 
destroved for analysis: Fredrickson 1978; Coral Sea 
Monniot. F. 1988). 


DESCRIPTION 

Fxrrrenar ArPrARnANCI- [he specimens have 
relatively small (about Icm diameter) rounded 
heads on a short stalk of slightly less diameter, 
The whole colony is | to 2.5em high. A larger 
colony (QM GH4420) of 2cm diameter is a Hat 
cushion without a stalk. Zooids open onto the 
upper surface of the head on well separated 
shallow, oval prominenccs. Some are grouped into 
2- or A-zooid systems. their atrial apertures 
adjacent to one another. The zooids converge into 
the centre of the head and down into the stalk, 
almost to the base. 

In life colonies arc cream, pale yellow or green. 
but when preserved. they always are cream. 

Calcareous spicules are in the surfaec laver of 
test of the hcad and the stalk. Internally. they 
are only sparse at thoracic level and in the stalk 
they form a sheath around each abdomen, They 
are absent from the test between thesc abdominal 
sheaths. Spicules are 0.025 to 0.035mm in 
diameter, They vary from stellate, with 5 to 15 
pointed or flat-endcd rays in optical section, to 
mulberry-like spicules with rounded rays, and 
spherical ones made of many thin radially 
arranged rods. 

InteRNAL Srructurr Contracted zooids are 
about 5mm long. The apertures are 6-lohed, both 
on short siphons at the anterior end of the body. 
In addition to sphincters around the apertures, 
the tharacic musculature consists of longitudinal 
bands overlying a layer of circular muscles, 


tia, 69, Polveitorella orientalis n.sp. (holotype QM 
G9477); a, colony: b, zooid showing circular musclc 
embedded in the test around top of oesophagus: c. 
stellate spicules. Scales: a, 2mm, b, Imm; e, 002mm. 
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Longitudinal bands cxtend along the abdomen in 
a pair of ventral muscles. The constrictor muscle 
is embedded in the test around the upper part 
of the oesophageal neck. There are 10 rows of 
about 20 long stigmata. 

The thorax and abdomen may be of equal length 
in relaxed zooids. However, in these variously 
contracted specimens the abdomen is sometimes 
shorter and sometimes longer than the thorax. The 
stomach is in the posterior third of the abdomen. 
lt has fine longitudinal glandular ridges in the 
internal lining, but it is not folded. A mass of 
crowded, short, pyriform, male follicles is in the 
gut loop. No eggs were seen in the newly recorded 
material. 

Larvae of this species were in specimens from 
the Coral Sea (Monniot, F. 1988). The larval trunk 
is 1.9mm long, and the tail barely reaches to its 
anterior end. There are 4 pairs of lateral ampullae 
alternating with the 3 adhesivc organs in the 
anterior mid-line, an ocellus and otolith. 

Remarks: Polycitorella orientalis is distin- 
guished from P. coronaria by its small colonies, 
its colour (lacking the dark pigment of thc latter 
species), its small systems that occur only 
occasionally, its relatively small spicules with 
slightly longer arms and its appreciably longer 
larval trunk. Although the now destroyed 
specimen from Heron l. had a preponderance of 
mulberry-like spicules like the specimen of P. 
coronaria from Port Phillip Bay (> P. mariae: 
Millar 1963a). the spicules in the Heron I. colony 
were the same size as those of the present species, 
and the colony form and pigmentation were also 
similar. 

Monniot (F. 1988) believed P. mariae: Millar 
1963a (from Port Phillip Bay — not the Philip- 
pines) was a synonym of her specimen from 
Chesterfield Is in the Coral Sea. However, the 
spicules of thc Victorian specimens are larger and 
the larval trunk is shorter (1.2mm) than that of 
the Chesterfield 1s specimen (1.9mm). The 
Chesterfield Is specimen appears conspecific with 
the present species, having similar yellow colonies, 
and small spicules. F. Monniot (1988) also thought 
that the Chesterfield Is specimen was a synonym 
of the New Zealand P. mariae Michaelsen (ZMC 
2.1.1918). However, although the New Zealand 
species has a similarly stalked colony, its stalk 
is longer and covered with adherent foreign 
particles, its spicules are smaller than those of the 
present species and they are all stellate with conical 
rays. 

Polycitorella pallida from South Africa like P. 
coronaria forms larger colonies and has larger 
spicules. 
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Genus Eudistoma Caullery, 1909 
Type species: Distoma rubrum Savigny, 1816. 


The genus has small, characteristically polyci- 
torid zooids with a long oesophageal neck, and 
gonads and stomach at the posterior end of the 
abdomen. The atrial and branchial aperturcs are 
6-lobed. Longitudinal muscle bands on the thorax 
extend in one or 2 bands along each side of the 
abdomen. An inner layer of circular muscle lies 
beneath the longitudinal ones on the thorax. There 
are 3 rows of stigmata. The anterior row contains 
more stigmata than the other two, and its dorsal 
end usually curves anteriorly along each side of 
the mid-dorsal line. The stomach is always small, 
shield-shaped and smooth. A long duodenal area 
is posterior to the stomach, and usually an oval 
postcrior stomach at the distal end of the 
descending limb of the gut loop. The gastro- 
intestinal gland is well developed. The anus opens 
between the second and third rows of stigmata. 
As in other genera of the Polycitoridae, zooids 
withdraw into the base of the colony when 
disturbed. 

With rare exceptions (when it occurs in the distal 
part of the oviduct), fertilisation takes place in 
the atrial cavity. Larvae are small, with a larval 
trunk only occasionally more than Imm long. 
They have 3 stalked adhesive organs in the vertical 
mid-line anteriorly. A fairly wide tuft of columnar 
cells project from the centre of a deep ectodermal 
cup. Ectodermal ampullae usually alternate with 
the adhesive organs and often also are along each 
side of the anterior end of the trunk. Ectodermal 
vesicles, originating as terminal expansions of 
thread like extensions from ectodermal cells, are 
often present in the larval test (see Annotated 
Glossary: larvae). 

Sand and other foreign particles including plant 
cells are often embedded in the test, sometimes 
confincd to the central or basal part of the colony, 
but sometimes throughout the test. In most species 
faecal pellets are in the test. This may result from 
the contraction and withdrawal of zooids from 
the surface causing ejection of faeces from the 
short thorax. Several species also have unusually 
large spherical cells embedded in the test. 
Michaelsen (1930) belicvcd these symbionts, 
although this is established only for E. amplum. 
The test is often brightly pigmented and usually 
opaque in living specimens. 

Zooids of most species are in rudimentary 
circular systems with the atrial apertures in the 
centre of the circle. In these species the atrial 
siphons are long. When systems are absent the 
atrial siphons are shorter and more or less the 
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same length as the branchial siphons, Both siphons 
usually have a distinct sphincter muscle. 

Eudistoma is distinguished from Sigillina 
which also has only 3 rows of stigmata — by the 
long oesophapeal neck, much smaller zooids, 
absence of a brood pouch. smaller embryos 
incubating in the atrial cavity, and absence of the 
epicardial extension in the vascular stolon. The 
structure ol the gut with its long duodenal region, 
oval posterior stomach and small, smooth 
stomach. is particularly stable throughout 
Eudistoma and constitutes a further reliable 
distinguishing character. Although the larval 
adhesive organs have a more or less flat-topped 
central protrusion of columnar cells, it is always 
cylindrical and never forms a long ridge or 
platform as it does in Sigillina. 

The genus is an homogenous one, and zooids 
are difficult to distinguish from one another. They 
are invariably found contracted, causing various 
distortions of the gut and abdomen. Hastings 
(1931) observed that kinks in the gut, used by 
many authors to distinguish species, are of little 
value as taxonomic characters. While the oeso- 
phagus becomes wrinkled on contraction, the 
rectum, containing faecal pellets, is variously 
kinked and sometimes looped in contracted zooids 
of all species. Characteristics of the colony — its 
shape, colour and test inclusions — afford more 
reliahle characters for species identification than 
the zooids themselves, Unfortunately the colour 
is lost in preserved material and test inclusions 
have not always bcen recorded. The difficulties 
encountered in eharacterising Eudistoma spp. 
cannot be over-emphasised, but to some extent 
at least, these will be alleviated if records are kept 
of the colour and general appearance of living 
colonies. 

In a few cases species share conspicuous 
characters that suggest a phylogenetic relation- 
ship. Thus Eudistoma angolanum, E. carnosum 
n.sp.. E. reginum n.sp., with E. magathaensis from 
the Magellanic region, form a species group 
characterised by the localisation of pigment in 
pockets in the larval trunk haemocoele, and the 
formation of distinct, albeit rudimentary, cloacal 
cavities. Also E. globosum, E. laysani and E. 
elongata are possibly related, colonies all having 
stalked lobes, and zooids being crowded and not 
in systems. Other species groups have not been 
identified. 

Eudistoma has not been recorded from the 
Antarctic, only one species — E. vitreum (Sars, 
1851) — is known from boreal waters (see Millar, 
1966b), and the genus is most diverse in tropical 
waters. Species of this genus are commonly 
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encountered around the Australian continent. The 
27 species discussed below include 17 new to 
science of which 11 are tropical. Six indigenous 
species are known only from temperate waters. 
Although a number of the Australian species 
resemble some recorded from Africa, they appear 
distinct. Sluiter (1909, 1919) recorded 12 species 
from the Indo-Pacific that can be assigned to this 
genus with confidence. However, in the following 
80 years only 2 of these were recorded again. 
although a further 5 species were described from 
the area. Difficulties in distinguishing species from 
one another when only preserved material is 
available may have caused this apparent lack of 
diversity in the previously recorded material. 


KFY ro THE Species oF EUDISTOMA 
RECORDED FROM AUSTRALIA 


L. Systems. presents eei been eee :2 
Systems-not/pEescnt. «s os S ese alors 23 
2. Rudimentary cloacal cavity present ...... 3 


Rudimentary cloacal cavity not present ...5 
3. Sand absent from surface test around 
SYSTEMS ice sae costes sre ees Nocte 4 
Sand present throughout . m" angolanum 

4. Cloacal apertures on conical prominences.. 
ME es os . E. carnosum n.sp. 
Cloacal apertures not on conical prominen- 
Ces sms SEPA OOOO E. reginum n.sp. 
3. Colonies divided into numerous lobes on 
COMMON GASES ote e E ESO 6 
Colonies not divided into numerous lobes on 
common bases ares oso rn ES 8 

6. Sand crowded throughout test. UT 
sete choise waver E cites TE pyriforme 
Sand not crowded throughout [est T 
7. Colony lobes top-shaped..... E. gilboviride 
Colony lobes rounded, sessile 
E su sns wasa o LUTHICHUTHS TE SD: 
8. Large (up to 0.3mm) symbiotic plant cells 
presen teite Stize ea ete ee E. amplum 
Large symbiotic plant cells not present in 
testa 2 an e D ST gio e ean 
9. Sand crowded throughout test. ........ 
Sand not crowded throughout test . 

10. Colonies upright cylinders ....... 
RARUS eremi SERIES E. NE n.sp. 
Colonies not upright cylinders......... ; ol 
ll. Sand present around apertures ‘of zooids: 
tropical species ....... Veces e DENT 
Sand not present around apertures of zooids: 
temperate species..... E. sabulosuni n.sp. 
12. Colony with two-toned pattern in surface 
testi: AN T RE 13 
Colony without two-toned pattern in surface 
tesis aa aaa anam E l4 


24. 


25. 


26. 


27. 
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Larval trunk 0.9mm long; temperate species 
sZ kasuy asiti o sees E. maculosum n.sp. 
Larval trunk 0.6mm long; tropical species. . 
¿Luisa sha ete SuSE ere Ye e Dou E. tigrum n.sp. 
Fusiform and dentritic pigment cells pres- 
CI Dor eme US E. eboreum n.sp. 
Fusiform and dendritic pigment cells not 
DRESENU n curate E cae islets SIRE IE 15 
Surface test speckled with evenly spaccd 
vesicles (0.05mm diameter) ............. 
NM e S e E. incubitum n.sp. 
Surface test not speckled with evenly spaced 
WESICIeS e E ee esate ts Ens 16 
Colonies extensive investing sheets ...... 17 
Colonies not extensive investing sheets ..18 
Test soft and mucus-like . . E. gracilum n.sp. 


Test not soft and mucus-like ............. 
Woven Nerea a a e E. pratulum n.sp. 
Test bright green both living and in prescr- 
EEN A a E E E E. glaucum 
Test not bright green either living or in 
preservative m Ea us E RE 19 
Test bright purple in life; zooids greenish- 
black injpreservatiVe «o nee nos 
STORIE RO RC E. purpureum n.sp. 
Test not bright purple in life: zooids not 
greenish black in preservative ........ 20 


Colonics with sand embedded in stalk ...21 
Colonies without sand embedded in stalk 22 
Layer of sand beneath surface test; zooids 
reddish-brown in prescrvative .......... 
RA AT one ER EDEN TOROS ..E. aureum n.sp. 
No layer of sand beneath surface test; zooids 
not reddish-brown in preservative....... 

ORO CO ID DUIS E. malum n.sp. 
Surface test with conspicuous white suspen- 
sion in preservative; zooids not rcddish- 
brown in preservative 3.060 e eet ers 
Antec oes Oy center E. anaematum n.sp. 
Surface test without conspicuous white 
suspension in preservative; zooids reddish- 


brown in preservative eree ee ccna saras 
ET E. muscosum nom. nov, 
Colonies;stalkede «2 ems 24 
Colonies not stalked uent cca see 26 
Sand present both in stalk and in centre of 
ieser aba as E. globosum 
Sand not present either in stalk or in centre 
OL MME AG om ash a masa Sa NE 25 


Head long and cylindrical .... E. elongatum 
Head not long and cylindrical ... E. /avsani 


Colony with embedded sand ........... 27 
Colony without embedded sand .......... 
sa E. superlatum n.sp. 


Sand absent from surface test over anterior 
ends of zooids ...... E. constrictum n.sp. 


Sand not absent from surface test over 
anterior ends. of 200108... eds 
RO COL INEO E. microlarvum n.sp. 


The following species, previously described 
from the western Pacific and the Indonesian 
region, have not yet been recorded from Australia: 
Eudistoma fragum F. Monniot. 1988 from New 

Caledonia has a red test, embedded sand, and 

a larva with lateral ampullae similar to those 

of E. amplum. However. symbiotic cells have 

not been recorded, and the zooids are not 
arranged in circles. 

Eudistoma glabrum (Sluiter. 1919) has sessile, 
cushion-like colonies with a convex upper 
surface about 2cm high in the centre. Little sand 
is embedded in the upper layer of test and 
elsewhere the test contains only crowded faecal 
pellets. Zooids are in circular systems. Branchial 
and atrial siphons are both long, and the basal 
part of the branchial siphon has a wide band 
of numerous branchial tentacles in at least 7 
rows. About 25 stigmata are in the anterior row, 
which extends forward along each side of the 
mid-dorsal line. Spherical pigments cells of 
about 0.01mm diameter are scattered evenly, 
but sparsely, throughout the test. It is distin- 
guished from FE. malum by its long branchial 
siphon and wide band of branchial tentacles 
(ZMA TU1281 lectotype). 

Eudistoma laysani: Tokioka, 1967a, from the 
Palau Is has a similar, although less regular 
colony than £. toealersis Millar, and is further 
distinguished by its median rather than paired 
larval ectodermal ampullae that alternate with 
the median adhesive organs. 

Eudistoma loricatum (Sluiter, 1909) from Indone- 
sia has a colony similar to E. bulbatum n.sp. 
However in Ë. loricatum thc lobcs of the colony 
are smaller. devoid of sand over the upper 
surface and are attached to common basal test 
(ZMA TU1267 lectotype). 

Eudistoma miniacum (Sluiter, 1909) from Indone- 
sia has flat-topped lobes of variable diameter 
arising from a common base, larvac with a long 
cigar-shaped trunk (1.2mm long) and 4 median 
ectodermal ampullae alternating with the 
adhesive organs and zooids in conspicuous 
circular systems opening on the upper surface 
of the lobe. The lobes have a distinctive 
appearance, with a network of pink pigment 
cells in the surface test (ZMA TUI268 
lectotype). 

Eudistoma multiperforatum (Sluiter, 1909) forms 
hard, sand-impregnated, bluish-red sheets with 
a superficial resemblance to colonies of E. 
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angolunum. Thè sand is crowded in the lower 
half of the colony and sparse elsewhere, Zooids 
are large and pink in preservative, not crowded, 
not arranged in circular systems, and lack long 
atrial siphons (ZMA TU809.1-.2 syntypes), 
Eudistoma sp. alf, angolanum: Vokioka 19672 
from the Palau Is may be conspecilic, 

Eudistoma rubrum Tokioka, 1954a from the 
Tokara Is and Fiji (Kou 1981) has almost 
spherical. transparent heads with reddish- 
orange zooids. The spherical transparent heads 
are unusual — resembling Polycilor morc 
closely than Eudistoma spp. 

Eudistoma segmentatum (Sluiter, 1909). from 
Indonesia forms upright, cylindrical or conical 
lobes arising from a common basal test mass, 
The tops of some of the lobes of the lectotype 
appear regenerating, thus accounting for 
variations inthe shape of the zooid-bearing part. 
Zooids in these regenerating colonies are 
apparently non-functional juveniles, as they do 
nal open to the exterior and no faecal material 
is present in the gut. The species is distinguished 
from E. loricatum and E. lavsani by ús more 
iuinerous zooids and taller colonies. Constric- 
lions rn the test recorded for this species were 
not distinguishable on examination. of the 
lectotype (ZMA T1268 lectotype). 

Eudistoma stellatum Monniot, 1988 tram New 
Caledonia apparently resembles E. angolanum 
in the field. However, the latter species has a 
larva with more numerous ampullae. The fold 
in the stomach described for this species does 
not appear to have a homologue in the genus. 
lhe larva is like that of £. gilheviride, 

Eudistoma toedlensis Millar. 1975 from Indonesia 
has rather lang cylindrical lobes arising from 
a common basal test mass, and a long larval 
trunk af 1.0 to 1.3mm. These colonies resemble 
some from Vietnam assigned to E /aysant by 
Tokioka (1967b) which have the same partially 
subdivided, paired larval ectodermal ampullae 
and the same posterjor extension of the ventral 
ampulla as Millar's specimens. 

Eudistoma tokarae Tokioka. 1954a from the 
Tokara ls has zooids opening on the upper 
surface af small upright lobes, and faecal pellets 
and abdomina in the stalk. Minute dark greenish 
pigment spots are im the test, and zooids, 
Tokioka and Nishikawa (1975) discussed the 
possibility that this species represents juvenile 
colonies of E. glaucum. However, both the 
vooids and colonies, including the pigmentation, 
are different from those of E. glaucun. 
Although the colonies are more like Æ laysani 
and E. imcubirum n.sp. the pigmentation is 
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different from both, and Æ tokarae appears a 
good species, distinguished from others by its 
dark pigment cells in the test and zooids. 

The following species with 3 rows of stigmata, 
which were assigned to Polveitor by Sluiter (1909). 
are not members of Eudistoma: P. violaceus (ZMA 
TUS14 halotype < Trididemnum sp.). P. signiferus 
(ZMA TUSOS.I lectotype = Sigillina signifera). P. 
coalitus. (< Hypodistoma. deerratumt), and P. 
ianihinus (< Exostoma n.gen. ianrhinum). The last 
three species ure discussed in this work. 


Kudistoma amplum (Sluiter, 1909) 
(Fig. 70. Plate 15a) 

Polyeitor amplus Suner, 1909, p, 21, Not Hartimever, 
1919, n. 105 (scc Hastings, 1931), 

Eudlsteuna amplus; Vokioka, 1950. p. U8, 

Eudistoma amplum: Tokioka, 1967a, p. 121, Millar, 
1975, p. 219 (part, not specimen from Toeal with 
cloacal cavity <" Æ regium n.sp.). 

Palyeiter discolor Sluiter, 1909, p. 17. 


DisiRIRUFION 

New Reconps: Queensland (Capricorn Group, QM 
11936 7 6G11977 8 GH374 GHIS24 GH 1352 GH 1824 
GHI833-4 GH2238 GH3817 GH4421 4 GH4432 
GH4442 GH4470 | GH4477 9 GH4500-4 GH4512-7 
GH4562; Green 1., QM GT2501; Lizard I.. QM GH4608- 
9), 

PREVIOUSLY. Reconpie: Palau Is, (Tokioka 1950, 
19672). Indonesia (AMA TUTSI type Polyenor amplus 
Sluiter, 1909; ZMA TLUT85, 143. svatvpes Polyeitur 
discolor Sluitor, 1909). Philippines (Millar 1975). 
Diser IMION 

EXTERNAL APPEARANCE: The colony forms 
robust flat-topped cushions to sheets up to ldem 
or mort in maximum dimension and about 1.5cm 
thick. with rounded borders. The surface is smooth 
and often shiny. Although sand grains are present, 
and sometimes crowded in the test, they are usually 
absent from the upper surtace except between the 
atrial and branchial openings of each zooid so 
that the sand forms a star-shaped or daisy-like 
pattern that emphasises the arrangement of zooids 
in circular systems. Sand grains in the surface, 
especially around the zooids, are smaller than 
those in the remainder of the test. Systems are 
about 0.5em in diameter with the atrial apertures 
toward the centre of each circle and the branchial 
apertures around the periphery. The surface test 
is often (but not always) depressed in the centre 
ol the circle and the atrial openings are around 
the border of this depression. 

The test itself is glassy and colourless, but this 
is obscured by the test inclusions. Large, variously 
sized (up to 0.3mm in diameter) spherical vesicles 
in the test are usually (but not always) crowded 
in the surface laver and become less crowded 
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Fic 70, Eudistoma amplum: a, branchial (outer circle) 
and atrial (inner circle) openings of a single 
rudimentary system on surface of colony (QM 
GH2238): b, embedded grecn cells clustering around 
a branchial aperture (QM G11978); c, zooid showing 
thoracic muscles and vesicles associated with thc 
gastro-intestinal gland clustered around the gut (QM 
GH352); d. contracted zooid with larva in atrial cavity 
(QM G11937); e, larva (QM G11937). Scales: a, Imm; 
b, 0.25mm; c,d, 0.5mm; e, 0.2mm. 


toward the base. Embedded sand grains become 
more crowded toward the base. The spherical 
vesicles are eukaryotic algal cells. They are usually 
rcd and shiny in the living spccimens, causing the 
maroon to 'aster purple' (Ridgeway 1886) and 
brown of the colony. This sometimes shadcs to 
brownish-ycllow (‘gallstone ycllow Ridgeway 
1886) when sand is near the surface. However, 
green and red plant cells and sand are often 
distributed fairly evenly through the whole 
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thickness of the colony. In preservative vesicles 
are cream or slightly cloudy-greenish and 
translucent. In one specimen (QM GH4555) the 
green cells are cysts containing numerous small 
spheres (see E. vitiatum Kott, 1981). 

This species very often has Prochloron cclls on 
the surface of the colony (Kott er al. 1984). They 
are only loosely attached and can be easily wiped 
off. 

INTERNAL STRUCTURE: Living zooids are 
yellow-orange. They arc robust, but when 
contracted are only about 5mm long. The atrial 
siphon is up to 3 times the length of the branchial 
siphon. The circular sphincters around each 
aperture are not especially strong. Up to 20 
longitudinal muscle bands on each side of the 
thorax often join one another to form half that 
number of bands. They are relatively fine, well 
separatcd from one anothcr, and sometimes are 
in 3 or 4 groups on the sidcs of the thorax. The 
circular muscles are more numerous. About 22 
stigmata in each row are generally long, becoming 
shorter ventrally. Dorsal languets are to the left 
of the mid-dorsal line. About 24 branchial 
tentacles of various sizes are apparently in 3 circles, 
although this is difficult to sce. 

The small, smooth stomach is near thc postcrior 
end of the abdomen. Therc is a relativcly long, 
narrow duodenal area and a long mid-intestine 
that curves around in the pole of the gut loop 
before entering the rectum. The posterior stomach 
(in the mid-intestine) is sometimes rather obscure. 
A band of thin-walled spherical, elongate or 
irregular terminal vesicles of the gastric gland 
surround a section of the gut opposite the stomach. 
A kink occurs in the proximal part of the rectum 
just posterior to the stomach in these contracted 
specimens. 

Gonads are maturing in specimens collected in 
September but not in January, February or July. 
Colonies collected in July are in an active 
vegetative phase. One or 2 large larvae are in the 
atrial cavity of specimens collected from the 
Capricorn Group in July to September (QM 
G11936 7 GI1971). The larval trunk is almost 
1mm long, and the tail winds a little more than 
half way around it. The adhesive organs consist 
of a small cone of adhesive cells surrounded by 
a shallow epidermal cup on a long narrow stalk. 
A row of 4 lateral ampullae, bent at right angles, 
is on cach side of the median row of adhesive 
organs. A median dorsal ampulla lies betwcen the 
lateral ones, but median ampullae were not 
detected between the adhesive organs. 

Remarks; The species is distinguished by the 
spherical plant cells and sand embedded in the 
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colourless test (the eulour being conferred by the 
embedded material). moderately conspicuous 
circular systems, thick and often extensive sheet- 
lke colonies, and large larvac. Muscles and the 
kink in the proximal part of the rectum resemhle 
Ludistoma pyriforme FHerdman, 1886 (see Hast- 
ings 1931). However, colonies of the lather species 
have sand grains crowded in the test. consist of 
pyriform lobes, and zooids have a better defined 
posterior stomach 

Eudistoma vitiatum Nott, 198] contain the same 
test inclusions. as the present species but is 
distinguished by its relatively small upright lohes 
with a common basal membrane. 

The syntype specimens of Polveior discolor 
Sluiter, 1909 (ZMA TU785.1 .3) have been 
examined and cannot be distinguished [rom the 
present species. Although the symbiotic plant cells 
were reported to reach 0.8mm, none al that size 
was Tound. One of the colonies (ZMA TUTSS.I) 
has plant cells Jo 0.25mm in diameter, und in the 
others the cells are D.Imm to Q.15mm, although 
in all specimens there is a wide range in their 
diameter, Thus, they Vall well within the range 
recorded for E. amplum, Zooids of P, discoloi 
also are identical with those of the present species. 
Zooids with the low number of stigmata (6 or 
7) recorded by Sluiter were not found in the type 
material. 


Eudistoma unaematum n.sp. 
(Fig. 71a) 
Disinimurtos 
Tyer FEecarnv. Queensland (Capricorn Group. 
Wistar. Reet, rubble fauna, coll. P. Kou 3024086. 
holetvpe OM GH4611; Heron 1. rect. north, coll. PK 
7.11.85, paratypes QM GHd6IU GH4612 3). 
Figuur Ricogts Queensland (Capricorn Group. 
QM GII984 7 GH4613 26; Lihou Rec. QM GHA4SIQ). 


DESUREPI HON 

Exrrevar APFlARANCI: Colonies form circu- 
lar ta irregular Mat-topped cushions up to 2em 
thick and Gem diameter (QM GH44x0), usually 
fixed hy the whole of the lower surface. Fhe upper 
surface of the colony is smooth, and openings of 
z00ids arc difficult 10 detect in preserved material. 
Zooids are arranged in circular systems of up to 
5. The outer circle of branchial openings is about 
3min in diameter. 

In lile, colonies are shades ol pinkish-beigc, rose, 
to alive and brown (Ridgeway 1886: 'salmon-bulf', 
"rawns", ‘ochraceus rufus"; ‘brick-red", inadder- 
brown', ‘hay’. maroon’, “laway-olive’, olive. In 
several colonies (QM GH4612 and GH4624) the 
colour shades trom brick red at one end to olive 
at the other. When preserved the test is opaque 
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white with a homogenous white suspension in the 
sUrlace. Beneath the surface the test is cloudy- 
white and translucent with some minute brown 
pigment particles in the surface and around the 
cooids, although these disappear with long term 
preservation. Some sand is embedded in the basal 
part of the colony and in some specimens 
penctrates up into the centre, Sand is absent from 
the surface test. Faecal pellets are throughout. 
Large and conspicuous patehes of pale brown to 
dark greenish-brown pigmented cells are in the 
base of the colony. Fhe test is soft. In preservative, 
avoids are pinkish-beige to beige, with flecks of 
hrownish pigment on the body wall when lirst 
preserved. The preservative stains a greenish 
yellow. 

Werk ar Spree ria Zooids are robust, about 
6mm long when parlially relaxed but less than 
hall that length when contracted. Well developed 
circular muscles are around each siphon, and the 
atrial siphons are long — at least 3 times the length 
of the branchial siphons. A narrow bund of 3 rows 
of branchialtentacles rs in the hase ol the branchial 
siphon. Twelve to 20 longitudinal muscle bands 
are on the thorax. and at least 30 transverse ones. 
Longitudinal muscles continue in a wide band on 
each side of the abdomen. Fhe branchial sac has 
ahout 25 stigmata per row, and the first row turns 
anteriorly along cach side of the mid-dorsal linc. 

Ihe stomach, long duodenal arca. posterior 
stomach, and well developed tubules of the gastro- 
intestinal gland are in the posterior end of the 
abdomen. A hemispherical clump of mature male 
follicles is in the gut loop in specimens collected 
in the Capricorn Group in November. (QM 
GH4619). 

Large (up to 0.8mm) embryos project out from 
the top of the oviducts of contracted. zooids in 
colonies collected in October (QM GH4623), and 
November (QM GH4619). However, mature 
larvae are not in any of the availahle colonies. 

Rewaerns: Eudistoma malum n.sp. has the same 
opaque suspension in the surface test as the present 
species and the testis follicles are in a similar 
circular clump. However E. malum has a sandy 
stalk and mushroom-like colonies while thase of 
the present species are flattened und sessile. Other 
sessile Species (E. muscosum nom. nov., £. 
pratulum n.sp. and £. purpureum n.sp.) lack the 
while suspension in the surface test of preserved 
colonies, With the exception of E. purpureum 
n.sp.. the living colonies are readily confused — 
the colour range found in the present species 
overlaps that at £. pratulum and É. muscosum 
nnm. nov. Colour (if colonies have not heen too 
long in. preservative) is helplul in distinguishing 
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Fic. 71, Eudistoma anaematum n.sp. (QM GH4619): a, zooid with embryo ineubating in brood poueh. Eudistoma 
angolanum: b, sand removed from upper surfaee of colony to show atrial apertures elustered together (QM 
GH4663); c, thorax showing embryos ineubating and sphincter museles (QM GH4661); d, thorax showing 
musculature (QM G11967); e, larva, test vesieles not shown (QM GH4661). Seales: a-d, 0.5mm; e, 0.2mm. 


Eudistoma angolanum (Michaelsen, 1914) 
(Fig. 71b e) 


Polycitor paesslerioides Michaelsen, 1914, var. angola- 


this species from others. Zooids are beige to 
pinkish-white in the prcsent species, reddish- 


brown in E. muscosum nom. nov., and darkly 


pigmented in E. purpureum. nus p. 430. 
Polvcitor (Eudistoma) angolanus Michaelsen, 1915, p. 


Embryos incubate in the oviduct as in E 
incubitum n.sp. However they are larger than 452. 
those of E. incubitum and are not the same Eudistoma angolanum: Hastings, 1931, p. 86. Millar, 
1953b, p. 281; 1962, p. 162. Kott 1957a, p. 75. 


spherical shape. 


19$ 


Petuiter aplus: Warimever, 1919. p. 105. 
Eudistuma snukabhii bokioka. 19344. p. 251. 


Dis tRIRUL NON 

Now Reeoros Western. Australia. (Moeubman's 
Abrolhos, WAM NIAN3 QAEGH2137; Cockburn Sound. 
OM GH4662). Queensland Capricorn Group, OM 
11967 GHA661 GHJI 4 GH4680; Lizard 1, QM 
G11966). 

Par viocsr y. Ricoren, Western Australia: (Cape 
orleans Hiotmeyer 1919, Hastings 1931; Cape 
Naturalist, Green Pools AM Y1281 AM Y 40203 Kott 
1957:;). lokars fs (Tokioka 19544). West. Alriea 
(Michaelsen 1914. 1915. Millar 198351. South Africa 
(Millar 19621. 


Desciir ton 

Exteraar Aerei ARANCE,. Colonies are flat- 
topped cushions up to lem high and 2em or more 
in greatest dimension. The test is densely 
impregnated with sand. which also adheres to the 
surlace of the colony. Phe sand is interrupted only 
by saoids. These lie parallel to one another. 
perpendicular to the upper suilace ol the colony. 

In life the dark red of the test is seen between 
the sand grains. In preservative small dark pigment 
cells are throughout the test, especially. around 
cogids, and the test is a dirty brown. 

Up to 8 zoaids are in circles o) ahout 4mm 
diameter, although these are hard to see from the 
surface. being obscured by sand, Branchial 
apertures are around the perimeter of the circle, 
and atrial apertures open around the sides of small 
circular depressions (rudimentary cloacal cavities) 
in the upper surlace, One or 2 atrial openings are 
also in the centre of each depression. Branchial 
and atrial lobes ure conspicuously triangular, and 
dorsal lobes ol the branchial aperture and anterior 
lobes of the atrial aperture (directing the openings 
away fram one another) project Crom the surface 
between the sand grains. 

INTE RNAL SrkUCTE RH In preservative zooids 
are pink, with a greenish stomach. They are about 
0.5mm long when contracted. The siphons are 
hoth long and cach one has a conspicuous bulging 
sphincter muscle at the outer end. 

On the thoras are 20 to 25 longitudinal muscle 
hands and an almost complete cawi of about 20 
circular bands. Longitudinal muscles continue in 
2 wide bands along each side ol the abdomen. 
| hree rows of fairly long branchial tentacles and 
2 or 3 anterior rows of short stumpy ones are 
at the base of the Jong branchial siphon A long 
pretentacular area oceuis in the branchial siphon, 
and also a long unnerforated prestigmatal area 
in the phatyns. About 25 stigmata are in the 
anterior row. hut these are difficult to count, The 
gut has the usual long oesophageal neck, small. 
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smooth stomach. long duodenum, and well- 
defined oval posterior stomach. In contracted 
specimens the gut is twisted posterior to the 
stomach. 

One to 3 large embryos are in the atrial cavil y 
of specimens collected. in the Capricorn. Group 
during October and November and in January 
from Lizard Y. ‘Vailed larvae are in colonies (ram 
Wistári Reef in October (QM GH4661l) (rom 
Heron L in November (QM GH4663) and trom 
Lizard 1. in January (QM GI1966). 

The larval trunk is mm long. and the tail winds 
about hallway around it, There are J rows of about 
14 long ectodermal ampullae covering the anterior 
half of each side of the trunk. Vhey increase in 
length with maturity. Larvae have red pigment 
in the rather prominent posterior. horns of the 


trunk haemocoel, in the stalks of the adhesive 
organs, and in the ectodermal ampullae. Adhesive 


organs in the anterior mid-vertical linc are large 
and have a flat-topped axial cylinder in an 
ectodermal cup. The larval test is crowded with 
vesicles. which originate as terminal expansions 
of fine threads that extend through the test [rom 
the eetodermal cells. 

RiíwARKS This species, with its hard sandy 
colonies and blackish red pigment showing 
between the sand grains has a characteristic 
appearance, as do the zooids, with ther long, 
sinuous atrial siphons and bulging terminal 
siphonal sphincters. 

The species appears related to the easiern 
Australian E. reginum, the Indian Ocean species 
D. curnosum nsp, and the Magellanie K. 
magalliuensis Michaelsen. They all have a similar 
larva, with red-brown pigment in the anterior 
ampullac and postecior horns of the larval trunk 
haeinocect; aud they all have well-formed systems 
with rudimentary cloacal cavities. Eudistoma 
carnosum nsp. (= Sigillina magalliaensix: 
Michaelsen 1930: Kott 1957a) has the same 3 rows 
of larval ectodermal ampullae as the present 
species, although they are not as long; and its larval 
trunk is longer (l.5mm, but only 1.0mm in £E 
angealanum). Eudistama angolanum is the only 
species of the group that lacks the large test vesicles 
and the bare (sand-free) areas over the systems 
ol zooids. Endistomia niiscosiini nom. nov. has 
similar accumulations of pigment in the posterior 
horns of the larval haemocoel, but is distinguished 
by its smooth shiny surface and Jack of cloacal 
depressions in the surface. 

Michaelsen thought the present species a variety 
of Polvettor ( Eudistoma) puesslerioides. However, 
P. paesslerioides var. typicus has only weak 
sphincter museles. Michuelsen (1915) subsequently 
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elevated his var. angolanus to full species status 
and recognised two varieties, typica and togoensis, 
Millar (1953b) described a further specimen from 
the ivpe location on the African Gold Coast that 
has characters intermediate between Michaelsen’s 
varieties; and thus it is probable that these 
represent no more than intraspecific variations. 
The larval trunk of the Gold Coast specimen 
(Millar 1953b Fig. 2b) has the same rows of long 
papillae on the side of the larval trunk às those 
lound in the Australian specimens. 

Hastings (1931) examined the type of Polycitor 
amplus. Hartmeyer, 1919 from north-western 
Australia. and another large (8cm diameter and 
3.5cm thick) specimen from the same location. 
She found the characteristic long siphons and 
conspicuous sphincter of E. angolanum in both. 

The species has a wide recorded geographic 
range from the western Affican coast to the 
western Australian coast, and the records from 
the Capricorn Group and Lizard I, suggest the 
tropical eastern coast of Australia is included in 
the range. There is no known character indicating 
that more than a single species is involved. Unlike 
the strictly tropical E. carnosum n.sp. which has 
been recorded only from the Indian Ocean. records 
of the present species do include some from 
temperate waters — of both South Africa (Millar 
1962) and south-western Australia (see above). 
This could be the explanation for the continuity 
al range between the West African coast and the 
Indian Ocean. 


Eudistoma aureum n.sp. 
(Fig. 72) 
Fudistoma pyriforme; Kott, 19723, p. 9. 


DisrRiBUTION 

Tyre Locativ: South Australia (St Vincents Gulf, 
off West Beach Posidonia beds, [2-20m coll, S. 
Shepherd 27.12.66, holotype SAM E2084, paratypes 
SAM E2085). 

Fegi HER Rreonps None. 


DESCRIPTION 

ENTERNAI APPEARANCE: Colonies are flat- to 
convex-topped lobes, up to 4cm in diameter 
narrowing basally where sometimes the test is 
produced into root-like extensions. Sand is 
embedded in the test throughout the lower part 
of the colony, and continues in a layer beneath 
the surface of the upper part. Thus, in the upper 
half of the colony, sand is absent from the surface 
and in the centre. The test is firm and gelatinous 
and the embedded sand enhances the firmness of 
the colony. Living colonies are reported to be 
bright yellow. Zooids are in circular systems, 
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INTERNAL STRUCTURE: Zooids are large aod 
robust, up to lem long even when contracted. In 
preservative they are brownish-red, with irregular 
patches of pigment scattered in the body wall. The 
atrial siphon is about 3 times the length of the 
branchial siphon. On the thorax are about 15 
strong longitudinal muscles. and these appear tà 
subdivide. forming more numerous muscles in à 
wide band along each side of the abdomen. An 
almost continuous coat of circular muscles lies 
on the thorax, beneath the longitudinal bands, 
There is a wide band of about 6 circles of short 
branchial tentacles. Ai least 25 stigmata are in 
the anterior row, which curves anteriorly along 


Fic. 72, Eudistoma aureum n.sp. (holotype SAM E2084): 
a, colony; b, section of colony showing distribution 
of sand in the tesl: e, zooid, Scales; a,b, lem; e, Emm, 


200 


the dorsal mid-linc. Howcver, the stigmata are 
difficult to count in these zooids and the exact 
number was not determined. 

The ocsophageal neck is long and in these 
specimens is constricted into 5 more or less equal 
segments along its length. Since the whole 
abdomen is filled with trophozooite cells and there 
are no gonads present, it is probablc that these 
zooids are entcring the vegetative phase. The usual 
smooth stomach, long duodenal area, and oval 
posterior stomach are in the posterior part of the 
abdomen. 


Remarks: Kott (1972a), misled by the pyriform 
shape of the lobes, assigned these specimens to 
Eudistoma pyriforme. However, lobcs are much 
larger than those of E. pyriforme, and the naked, 
sand free test over the upper part of the colony 
further distinguishes the species, as does the bright 
yellow of the living specimens. Eudistoma 
globosum also has a naked sand-free layer of test 
over the upper surface, but is distinguished by 
the absence of circular systems as well as by its 
smaller size, the colour and the absence of a sand- 
free arca in the centre of the upper part of the 
colony. The temperate species, E. maculosum n.sp. 
has a layer of sand in the middle layer of test, 
although the sand particles become less crowded 
toward the base of the colony. Eudistoma 
maculosum is further distinguished from the 
present species by its investing colonies and the 
2-toned colour pattern of both living and preserved 
specimens. The general shape of the colonies, the 
firm test, and arrangement of zooids in the present 
spccics, resemble some of the larger specimens of 
the tropical £. malum n.sp. (see QM GH 798). The 
lattcr species also has sand embedded in the stalk, 
but lacks the characteristic layer of embedded sand 
bencath the upper surface. 


Eudistoma bulbatum n.sp. 
(Fig. 73) 
Eudistoma pyriforme Kott, 1972d, p. 244. 


DisTRiBUT ION 

Type Locatity: New South Wales, off Cronulla, 
140m, coll. J. Maclntyre 16.6.65 holotype AM Y2204. 
paratypes AM Y835 Y842 Y 1120. The species is known 
only from the type locality. 


DESCRIPTION 

Externat APPEARANCE: Colonies are upright 
and club-shaped, the lower half swollen, some- 
times with some fine basal root-like extensions, 
and often divided. They are up to 2.5cm high, 
the upper third of the colony about 0.5cm in 
diameter, and the lower two thirds about lcm in 
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Fic, 73, Eudistoma bulbatum n.sp. (paratype AM Y835): 
a, colony, b, upper surface of colony showing 
openings, atrial apertures directed in toward the 
centre, e, zooid. Scales: a, 2mm; b,c, Imm, 
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diameter. The test is sandy throughout. Fhe lower 
swollen part of the colony apparently was 
embedded in a sandy substrate and has larger 
particles of sand adhering to the outside af the 
colony than are embedded in the test. 

Zooids are in a circle around the narrow upper 
part ol the colony. ‘The test às raised over the 
anterior end of each zovid. Branchial apertures 
are around the outer perimeter. and atrial 
aperturcs around a central depression. One or 2 
zooids are sometimes tn the centre of the circle 
with their atrial apertures directed out toward the 
atrial apertures of the circle of zooids surrounding 
them. Each colony has about 12 zomds. 

[yt as a STkUctURY. Zooids are robust and 
wuscular. On the thorax are about 20 longitudinal 
muscles and an almost continuous inner coat of 
cireular muscles containing at least 40 bands, The 
abdomen is almost completely encased by the 
longitudinal muscles which continue along each 
side in a very wide band, In these specimens the 
zouids are about [cm long. and are found 
contracted into the base of the colonies. 

The branchial aperture is terminal. but is turned 
toward the outside of the colony, and its dorsal 
lobes are longer than the ventral ones. The atrial 
siphon arises fram the antero-dorsal part of Ihe 
thorax and is not longer than the branchial siphon. 
"The two apertures are well separated by the ventral 
inclination ot the branchial siphon and the antero- 
dorsal part of the zooid stretched out between 
them. Lobes of the apertures are large and 
triangular. 

An extensive prebranchial region exists behind 
the 3 rows of tentacles. About [5 stigmata are 
in the anterior row, which curves anteriorly 
alongside the mid-dersal linc, although contrac- 
tion makes them impossible to count precisely, 
The rectum of the contracted zooid. is finely 
wrinkled and the proximal part of the ascending 
limb of the gut ix bent up in a loop posterior 
to the stomach. The stomach, duodenal area, and 
posterior stomach are in the posicrior end of the 
abdomen. The stomach is dark greenish-yellow, 
Neither gonads nor embryos are in the available 
material. 


Remarks. The free-standing elub-shaped 
colonics of the species are distinctive. A colony 
mast closcly resembles one of the almost cylin- 
drical upright lobes of £. loricanton (Sluiter. 1909) 
which has the same small, simple circular systems 
at zooids. However FE. loricatunt has no sand 
around thc upper part of the colony, cach lobe 
is much smaller, and is attached with others to 
a common basal test mass. 


Eudistoma carnosum n.sp 
(Fig. 74) 

Polvcitor (Eudistoniay passterivides: Michaelsen, 1919, 
var, hup(en p. 73 (part, malerial from the Seychelles 
and Red Sea with cloacal systems. 

Sürillina ( Paessleria) magulhoensis: Michaelsen. 1930 p 
492 (part, material with cloacal systems}, 

Sivillina mazalfiaensie Kott, 19373, p. 79, 

Disi Rise oN 
Fyi Locarniy. Western Australia (Rottnest l. Cape 

Vlannngh, Fish Hook Bay, under undercut of limestone 

reefs, coll, P, Kou 19.11.51, holotype AM YAY: 

Rottnest |, Geordie Bay. paratype AM Y 1291: Rotes 

L. Mary Cove coll. P. Kou November 195]. paratype 

AM Y 1290). 

Niw Ricoxps Western. Australia (Houtman's 
Abrolhos, WAM 383.75 814.83 OM GH2108, Rottnest 
1, QM GH4659 GHa4660). 

Persiousty Rieoror Western Australia (Hout 
man's Abrothos — Michaelsen 1930; Cockburn Sound 

Michaelsen 1930, AM Y2208 Kon 19374) 

Desc RIPON 
ExirgNAO( Avecarancr Colonics form robust 

sandy, flat-topped cushions, up to 5em long, 4em 
wide and 2cm high. Sometimes the surface is 
divided by sandy ridges into circular arcas, about 
2em in diameter with a central, conical prominence 
and terminal cloacal aperture. Systems are 3 to 
6mm in diameter and contain up to 20 zooids, 
Branchial apertures are on the outer surface of 
the colony. and atrial apertures are around the 
sides and in the floor oí the cloacal cavities (hat 
lic in the centre of each system. Sand is absent 
from the surlace test around the cloacal cavity 
and usually it does not adhere to the outside ul 
the colony. Anterior labes of the atrial aperture 
and dorsal lobes of the branchial aperture are 
enlacged and, with their covering ol test, project 
around the openings. The pointed anterior atrial 
lobes are especially conspicuous and farm the rim 
of the cloacal cavity. 

The colour of the living colonies is not known. 
Large spherical vesicles 0.3 to 0.5mm in diameter. 
are throughout the test. except where the 
embedded sand excludes them, [hese vesicles 
contain crystalline particles. 

IvrrR NA) Srigrerumg8. Zootds are large, about 
0.5cm long when contracted. Apertures are on long 
siphons with a narrow sphincter muscle near the 
end of each siphon. The thoracic musculature is 
strong with about 30 longitudinal bands. and the 
circular horizontal muscles form an almost 
continuous coat of about 30 bands beneath the 
longitudinal ones, The longitudinal muscles 
continuc along the sbdamen in about 2 wide bands 
on each side. About 20 moderately long branchial 
tentacles are in 3 rows and some stumpy ones 
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CTS 


Lio 74, Eudistoma carnosum n.sp.: a, surface view of colony showing branchial openings ot a system, with 
atrial openings in a rudimentary common cloaca (holotype AM Y1289); b, section through system showing 
700id openings (semidiagrammatic); e, contracted zooid with muscles removed from posterior half of abdomen 
(holotype AM Y1289); d, larva showing pigment in posterior horn of left haemococle and pointed extensions 
of ectodermal cells around apertures, but test vesicles not shown (WAM 814.83). Scales: a. Linim: c. 0.5mm; 


d. 0.2mm. 


are little more than papillae in anterior rows, but 
these eould not be counted. There are about 16 
stigmata per row. The dorsal stigmata ol the 
anterior row on each side eurve anteriorly along 
each side of the dorsal mid-line. 

The abdomen is of the usual form with a long, 
narrow oesophageal neck. At the posterior end 
of the descending limb of the gut loop is a rather 


llabby and inconspicuous posterior stomach. 

The rather large (Imm diameter) eggs are dark 
red-brown in preservative. Zooids of a specimen 
collected from Houtman’s Abrolhos in August 
(WAM 814.83, QM GH2108) have u tailed larva 
in the atrial eavity, The trunk is 1.5mm long and 
the tail reaches only to its anterior end. A feature 
of the larva is the numerous ampullae arranged 
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In 2 rows of about 14 on each side of the median 
adhesive organs, The adhesive organs have wide 
axial columns and are on short, wide stalks. There 
are 3 rows of stigmata. Spikey proceses from the 
ectoderm around the apertures extend out into 
the test. Brown pigment is in the posterior horns 
of ihe larval trunk haemocoel and in the stalks 
of the adhesive organs. 

Remarks Large cloacal cavities in their 
conspicuous sand-free area of test are character- 
isuc ol the species. lt is distinguished [rom fF. 
reginum by its larger colonies and cloacal systems. 
longer siphons, large larval trunk with more 
numerous ectodermal ampullae and larger test 
vesicles 

Michaelsen (1919, 1920) assigned specimens 
from the Seychelles and questionably also from 
the Red Sea to the western African variety hupferi 
ofthe species Palycitor (Eudistoma) paesslerioides 
(Michaelsen 1914), Subsequently (1930), he placed 
the Seychelles and Red Sea material with newly 
recorded specimens trom Western Australia in 
synonymy with the species Polvcitor magalhaensis 
Michaelsen, 1907 from the Magellanic region, as 
Sigillina (Paessleria) magalhaensis, Sigillina 
(Eudistuma) paesslerioides, represented by 
varieties huplert and typicus from West Africa, 
was distinguished from S. ( Paessleria) magalhaen- 
siy by its smooth stomach and more numerous 
(more than 100) branchial tentacles (Michaelsen 
1930), The stomach folds that Michaelsen believed 
characteristic of the subgenus Sivi/lina ( Paessleria) 
are artefacts and not true stomach folds, and the 
division of Eudistoma into the subgenera that 
Michaelsen proposed is invalid. Nevertheless the 
West African and Indian Ocean specimens appear 
separate species, their separation valid on 
morphological (more numerous branchial tenta- 
cles: Michaelsen 1930) as well as geographic 
grounds. Only some of Michaelsen's western 
Australian and Seychelles colonies (those with 
cloacal systems) are identical with the newly 
recorded material. 

The Magellanic species, with similar cloacal 
systems and large embedded vesicles (symbiotic 
cells?) appear closely related to the Indian Ocean 
ones. It ts unlikely they are conspecific because 
they have stalked colonies with à rounded head 
and much longer zooids, rather than the platform- 
like irregular and sessile colonies of the Australian 
specimens for which the present new species is 
erected. 

Eudistoma carnosum nsp. resembles Eudis- 
toma angolanum Michaelsen, 1915, which, like 
the present species, was described originally as a 
variety Of Polyciror. (Eudistoma) paesslerivides 


Michaelsen, 1914. Eudistoma angolqnum is 
distinguished by jts conspicuous band of circular 
muscles on each of the siphons (see above), 

The spikey ectodermal processes around the 
apertures were observed also in Luelivtomtia 
ovalun, and may occur also in other species (sec 
Annotated Glossary: larvae), 


Eudistoma constrictum n.sp. 
(Fig. 75. Plate 15b) 

Dis iuit rns 

Tyri. Locaverv: South Australia (Greal Australian 
Bight, Yorke Peninsula, low water mark under rocks 
on headland near Chinamen’s Hat 1L. coll. N. Holmes 
6,1176, holotype SAM E2083. Investigator Group, 
Topgallant I, bottom ol rock slope near cliffs 7m, coll 
N. Holmes 10.4.83, photo index PE0047/ R929, paratype 
QM GH2291; Avoid Bay, Golden l, coll. N. Holmes 
9.4.87, paratype QM GH4186), 

Furnive Rreonos South Australia (Great Austral- 
ian Bight, QM GH2406; Yorke Peninsula, SAM E2087: 
West L. QM GH2403; Spencer Gulf, OM GH4551), 


Drseriprian 

Exrernat Apreananet: Colonies are irregular 
rounded cushions of maximum dimension dem 
and up to lem high. The upper surface slightly 
overlaps the base. Zooids open on the upper 
surface by separate branchial and atrial apertures 
that are placed (airly close to one another in an 
oval sund-lree area, Sometimes the test between 
zooids is crowded with sand particles and faecal 
pellets, The sand gradually becomes less crowded 
toward the base, Sand is not always present in 
the upper half of the colony, although the oval 
areas in the surface are quite conspicuous — the 
solid layer of test between zooids contrasting with 
the thin laver over the top of cach zooid, 

Each zooid is contained in à compartment in 
the test which is constricted around the upper part 
of tbe oesophageal neck to form a narrow canal 
between the roomy abdominal and thoracic 
cavities. Frequently the contraeted. zooids are 
severed at this point leaving the thorax behind 
in the upper layer of the colony as the abdomen 
contracts back into the base, The sand embedded 
in the test makes the compartments rigid. Zooids 
extend at angles to one another in the test. crossing 
one another irregularly, 


IntreNAL Sreverure: Zooids are robust and 
muscular, They are pinkish-brown in alcohol 
preservative. About 30 longitudinal muscle bands 
are on the thorax. More numerous cireular ones 
are irregularly distributed and confined to the 
middle of the thorax, Longitudinal muscles 
continue onto the abdomen in 4 wide bands en 
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Fic. 75, Eudistoma constrictum n.sp.: a, section through colony showing zooids opening on the surface in sand- 
free areas (paratype QM GH2291); b, zooid openings on surface of colony (holotype SAM E2083); c, thorax 
showing muscles (paratype QM GH4186); d, whole zooid showing gut loop (paratype QM GH?2291); e, larva 


(paratype QM GH4186). Scales: a,b. 2mm, c-e, 0.5mm. 


each side. Both siphons are relatively short. Thc 
anterior end of the zooid is often flattened, with 
both apertures rising from the flat anterior surface. 
Short branchial tentacles are arranged in about 
7 rows at the base of the branchial siphon. There 
are about 25 stigmata per row, but these were 
difficult to count. The dorsal end (involving about 
5 stigmata) of the anterior row curves forward 
along each side of the dorsal mid-line. A short 
oval posterior stomach is in the descending limb 
of the gut loop. 

Up to 4 embryos are present in the peribranchial 
cavity of specimens collected in April (QM 
GH418). Larvae have a trunk about Imm long 
with the tail wound about three quarters of the 
way around it, Lateral as well as median ampullae 
alternate with the adhesive organs. 

Remarks: This species has a smooth, sandy 


surface, and sand is present throughout the test 
as in E. ovatum and E. sabulosum n.sp. It is readily 
distinguished by the oval sand free area of thin 
test over the anterior end of each zooid, the 
absence of circular systems, and the narrow 
constriction of the test between the abdominal and 
thoracic test cavities. In Polycitorella spp. there 
1s a similar constriction, containing a sphincter 
which regulates the withdrawal of the zooids from 
the surface. However, in £. constrictum a similar 
circular muscle is not present in the constricted 
part of the test. 

The absence of systems is a relatively rare 
occurrence in Eudistoma, known only in the 
present species, E. microlarvum n.sp. and in the 
stalked species E. globosum, E. elongatum and 
E. laysani. In most others, zooids are arranged 
in rudimentary systems. 
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Eudistoma eboreum n.sp. 
(Fig. 76a.b) 
DisiRiBU TON 
Tyee Locartty: Queensland (MacGillivray’s Reef 
near Lizard I.. 14m, coll. D. Phillips June 1980, holotype 
QM GH336). 


DESCRIPTION 

ExirRNAL APPLARANCE: The holotype is the 
only specimen availahle. It is a large scssilc 
cushion, convex on the upper surface, about 3cm 
in diameter and lcm thick in the centre, The upper 
surface is smooth and roundcd. In life it was 
reported ‘whitish’. In preservative it is firm, slightly 
translucent and pinkish-huff with spherical to oval 
hrownish-orange pigment cells, about 0.01 mm in 
diameter, distributed fairly cvenly through the test. 
Large. black fusiform to branched. dendritic cells 
are also in patches, cspecially around the zooids. 
Zooids themselves arc whitish in preservative with 
some whitc patches in the body wall. 

There are circular systems of 3. 4 or 5 zooids. 
Atrial apertures are fairly close together in thc 
centre of the triangle, rectangle or circle outlincd 
hy the hranchial apertures. Branchial apertures 
are well scparated from one another, and zooids 
are not crowded. 


INTERNAL STRUCTURI: Zooids are robust, about 
lcm long when partially contracted. The atrial 
siphon is long and often expands into a balloon- 
like structure. A discrete sphincter muscle is 
around thc distal cnd of the atrial siphon and 
around thc short branchial siphon. About 20 
longitudinal thoracic muscles overlie an almost 
continuous coat of circular muscles and then 
extend along the abdomen in a widc band on each 
side. About 20 stigmata are in each of the 3 rows, 
although the exact number was not determined. 
The anterior row, projccting forward along each 
side of the mid-dorsal linc has more stigmata than 
the others. 

The oesophageal neck is long. The stomach, 
long duodenum and small oval posterior stomach 
are at the posterior end of the dcscending limb 
of the gut loop. Gonads in the gut loop at thc 
posterior end of the ahdomen are mature. A large 
(Imm long) embryo is in the atrial cavity. 


Remarks: Larvae are not known, but the size 
of the embryos present in the atrial cavity of thc 
holotype indicates the larval trunk would bc more 
than Imm. The known species with larvac of this 
size, gelatinous smooth-surfaced test without 
cmbedded sand, and a sessile habit are Æ. 
purpureum n.sp. and E. muscosum nom. nov. 
Neither of these have the distinctive dendritic cclls 
of the present specics. It is further distinguished 
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by its especially long atrial siphons and sparse 
zooids. 


Eudistoma elongatum (Hcrdman, 1886) 
(Fig. 76c-f. Plate 15c) 
Colella elongata Herdman, 1886, p. 110. Herdman and 
Riddell, 1913, p. 882. 
Eudistoma elongata: Kott, 1957a, p. 78. 


DISTRIBUON 

Nrw Ricorps: New South Wales (Jervis Bay, QM 
G10037). Queensland (Moreton Bay, QM G4906 G4910 
G4966-7 G10047 G10147 GH356 GH4528-9: Fraser 1, 
QM GH4527; Hervey Bay, QM G11938). 

Prarviousty Rrcogbrp: New South Wales (Port 
Hacking, Port Stephens AM 612945 G12952 U3937 
YI277 Kott 1957a; Newcastle Bight and Crookhaven 
River AM YI2199 Y12200 Herdman and Riddell 
1915; Port Jackson Herdman 1886). Queensland 
(Currumhin - Kott 1957a: Morcton Bay AM U3933 
Y2167 Kott 19572). 

The species is common in muddy habitats and on 
wharf piles in protected waters over the whole of its 
rangc. 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of 
numerous club-shaped to long (up to 60cm) 
cylindrical, ropc-like zooid-bearing heads about 
0.5cm in diameter, on short cylindrical stalks of 
almost the same diameter as the head. In life they 
are opaque, whitish to iridescent blue. Occasion- 
ally thcy remain more or less the same colour in 
preservative, but more often become a brownish- 
pink with soft transparent test. Faecal pellets are 
in the test, but emhedded sand is not. 

Zooids are crowded in the head, opening all 
around the surface. Atrial and branchial apcrtures 
of each zooid open fairly close together, the atrial 
aperturc anterior to the branchial opening. 
Systems are not formed. 


INTERNAL STRUCTURE: Zooids are small, up to 
3mm long when contracted. The siphons arc 
relatively short. About 20 longitudinal musclc 
bands are on the thorax forming a rather open 
meshwork with a similar number of transverse 
bands. Separate longitudinal muscles continue 
along each sidc of the ventral mid-line of the 
abdomen, and are not collected into bands. 
Stigmata are about 20 per row. Zooids have the 
usual Jong oesophagcal neck with the small smooth 
stomach near thc posterior end of the abdomen. 
Gonads are in the posterior end of the gut loop. 
A small oval posterior stomach is in the posterior 
end of the descending limb of the gut loop. 

Up to 8 embryos are in the atrial cavity of 
colonies collected in January and April. only 2 
in those collected in July and October, and none 


206 


MEMOIRS OF THE QUEENSLAND MUSEUM 


Fic. 76, Eudistoma eboreum n.sp. (holotype QM GH336): s, portion of test showing pigment cells: b. zooid. 
Eudistoma elongatum: ed. colonies (QM G4806 GH4527); e. 7ooid, contracted, showing embryos packed in 
atrial cavity (AM Y1277); f. larva (AM Y1277). Scales: a. 0.5mm; bye, Imm; c, 2em; d, lem: f, 0.1mm.. 


in colonies collected in May, August and 
December. 

Larvae are small with a trunk 0.5mm long. The 
tail reaches only to the anterior end of the trunk. 
There is an ocellus and an otolith. Four large 
cctodermal ampullae alternate with the stalked 
adhesive organs in the median line. 

Remarks: The long stalked heads of this species 
are unusual in this genus. Specimens are softer 
and more flexible than Sigil/lina australis which 
has similar long cylindrical heads. Some degree 
of overlap exists between smaller colonies of this 
species and some larger ones of Eudistoma laysani, 
and the species may be related E. elongatum 
being an indigenous species with its range confined 


to protected waters in the northern half of the 
New South Wales coast to southern Queensland. 
Eudistoma elongatun can be distinguished from 
E. laysani by its more numerous thoracic muscle 
bands, longer zooids, and more numerous 
embrvos in the atrial cavity, as well as the much 
longer zooid-bearing heads. 


Eudistoma gilboviride (Sluiter, 1909) 
(Fig. 77. Plate 15d-1) 
Polycitar gilboviridis Sluiter, 1909, p. 6. 


Disti BU TION 

New Rreogps: Queensland (Heron 1. QM Gl0043 
GH4593; Swain Reefs, QM Gl1961: Lizard L. QM 
G11959; Britomart Reef, QM GH4530) 
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Fio 77. Eudistoma gilhoviride: a. colony (QM GH4530); b, zaoid (QM GH4530); e, gut loop with branches 
of gastro-intestinal gland (QM G11959); d, larva (QM GH4530), Scales: a. Icm; b.e, 0.5mm: d, 0.1 mm. 


PREVIOUS IS. Recornen. Indonesia (ZMA TUI269 
Sluiter 1909). 

DESCRIPTION 

External APPFARANCI; Colonies consist of 
small (2cm high), crowded, wedge-shaped lobes, 
widest on the upper flat surface (up to l.5em 
diameter) and reducing in diameter toward the 
base where they are joined to common basal test. 
The test is l'irm and gelatinous and zooids open 
into slightly depressed areas on the upper surface. 

In life the newly recorded colonies are reported 
as green base with dark green lobes mottled cream, 
green and yellow, or grey-green. In living colonies 
lobes are inflated and appear confluent. Freshly 
preserved specimens are greenish-black, with the 
pigment in minute cells in the surface test around, 
but not in 2700ids, Beneath the surface layer the 
test is greenish grey, and rather transparent with 
sparsely scattered dark pigment cells. Zooids are 
pinkish-brown to white. Some sand occurs in the 
base of the colony and it cxtends up into the centre 


of cach lobe, Long-prescrved specimens are grey. 
with black pigment cclls crowded around and over 
zooids resulting in blackish surface marks 
emphasing the arrangement of zooids. In the type 
specimen (ZMA TUI269) the colour pattern 
shown by Sluiter (1909) is sull recognisable. 
demonstrating the unusual stability of pigments 
in this species. The type ditlers from the newly 
recorded material in having yellaw pigment in the 
raised swellings of solid test between the depres- 
sions and furrows into which zooids open. 
Depressions are made conspicuous by the 
concentration of dark pigment always found 
associated with zooids in this species. 

Zooids all open on the flat upper surface ol 
each lobe. In small diameter lobes they are in a 
circle just inside the outer margin of ihe upper 
surface. As the lobes inerease in diameter 2 or 
3 zooids fórm small systems with their atrial 
apertures close together, and sometimes a (ew 
zooids seem not part of a cireular arrangement. 
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INTERNAL SrRUCTURE The zooids are about 
4mm long when contracted, and not particularly 
muscular. The atrial siphon is longer than the 
branchial siphon. Muscle bands are fine, about 
14 longitudinal crossing about 20 circular bands 
on the thorax to form a rather open mesh. 
Longitudinal muscles extend along the ventral side 
of the abdomen, one band each side of the mid- 
ventral line. When contracted they draw up the 
ventral part of the abdomen causing the proximal 
part of the rectum to curve out. Sometimes the 
whole posterior end of the gut is bent up against 
the rest of the abdomen. 

Stigmata are reduced in length toward the 
ventral end of each row, The anterior row has 
24 stigmata, the dorsal 4 turning anteriorly along 
the mid-dorsal line, the middle row 20 and the 
posterior row 18. There are 3 rows of branchial 
tentacles. The large, oval, posterior stomach is in 
the posterior end of the gut loop. The gastro- 
intestinal gland has long tubules curving around 
the rectum. 

Testis follicles are not crowded. One or 2 
embryos are in the atrial cavity of specimens taken 
from Lizard 1, in November, In thc colony from 
Britomart Reef (QM GH4530) are 2 embryos, one 
immature and the other a tailed larva. The larval 
trunk is large (0.9mm long), and the tail curves 
up across the left side of the anterior end of the 
trunk and over the upper surface. The paired, 
lateral, ectodermal ampullae are large and leaf- 
shaped extending anteriorly and terminating in 
a point, They are dorsal and ventral to the adhesive 
organs, and alternate with them. The ventral pair 
have an unusual rounded prominence at the 
posterior end. 

Remarks: Small, flat-topped and wedge- 
shaped lobes of the colonies and dark pigment 
cells that persist in the surface test after preser- 
vation are distinctive, as is the rather sparse 
distribution of zooids, the small systems, and leaf- 
shaped ampullae of the larvae. In E. glaucum 
numerous lobes arise from common basal test but 
they are a different colour and are larger and more 
rounded. They cannot be confused with colonies 
of the present species. 


Eudistoma glaucum (Sluiter, 1909) 
(Fig. 78) 

Polycitor glaucus Sluiter, 1909, p. 12. 

Eudistoma glaucus: Tokioka and Nishikawa, 1975, p. 
331. 

Eudistoma rigida Tokioka, 1955b, p. 50. Not Kott, 1981, 
p. 152 (< E tigrum n.sp.);: Eudistoma rigidum: 
Monniot and Monniot, 1987, p. 70 (? < E. muscosum 
nom. nov.). 
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? Eudistoma olivaceum; Monniot and Monniot, 1987, 
p. 67. Not Van Name 1902, p. 120. 


DISTRIBUTION 

Nrw Recorps: Queensland (Capricorn Group, QM 
G11952 G11962-5 G11979 GH3005 GH4119 GH4426- 
31 GH4441 GH4452 GH4468; Swain Reefs, QM 
GH4469; Broadhurst Reef, QM GH4425; Little Mary 
Reef, GH279). 

Previousty Rrcogprp. Palau Is (Tokioka 1955b). 
Indonesia (Sluiter 1909). Okinawa (Tokioka and 
Nishikawa 1975). Fiji (Kott 1981). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of 
large (up to 3cm diameter) rounded or cushion- 
like heads, usually with a short thick, basal stalk. 
Often several heads of various sizes arise from 
a common basal mass, The surface of the colony 
is smooth and shiny. The test is gelatinous and 
firm. Living specimens are a vivid, deep. moss- 
green becoming blackish-blue in preservative. The 
pigment leaches into the preservative and although 
some minute dark pigment cells persist, they 
disappear in time from the colony. Sometimes 
700ids are green when first preserved, with the 
pigment especially retained in the gut, gonads and 
body wall. In due course pigment is lost altogether 
from preserved zooids. lhe test contains some 
sand, especially in the stalk and in the centre of 
the colony but usually it is absent from the softer 
test of the heads of the colony. Faecal pellets are 
also present in the test and often are coloured 
green. Zooids are arranged in small circular 
systems of 4 or 5 zooids with their atrial apertures 
in the centre of the circle. 

INTLRNAL STRUCTURE. Zooids are robust and 
long, even contracted ones being up to lem long. 
However, in comparison with zooids of some other 
species (eg. E. anaematum n.sp., E. purpureum 
n.sp. and E. pratulum n.sp.) both the thorax and 
the atrial siphon are relatively short. About 20 
fine longitudinal muscle bands are on the thorax. 
and these extend along each side of the abdomen. 
More numerous (about 50) inner circular bands 
are evenly spaced on the thorax and around the 
branchial and atrial siphons. Twenty long 
rectangular stigmata are in the posterior row and 
25 in the anterior row, which has its dorsal end 
curving forward along each side of the mid-line. 
Extensive pre- and post-stigmatal regions are in 
the pharynx. The oesophageal neck is long and 
thin. Gonads are in the gut loop and testis follicles 
spill out over its sides. There is a rather indistinct 
posterior stomach. A delicate but relatively long 
vascular appendix projects from the posterior end 
of the zooid. 

In the newly recorded material embryos (one 
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kio 78, Eudisioma glaucum: a, colony (QM GI1962); b-d, outlines of various colonies (QM G11952 GI1962 
G11979); e, 700id (QM G11979); f, larva (QM G11979). Seales: a. 2mm: b-d. lcm; e, 0.5mm: f. 0.2mm, 


or 2) are in the atrial cavity of colonies taken 
from the Caprieorn Group in December and 
January (QM G11963 611979), but not in those 
collected in March, July or September. The larval 
trunk is about 1.2mm long. 

The adhesive organs are in a median vertical 
row anteriorly. They have short thick stalks and 
vertically elongated axial platforms of coluinnar 
cells in shallow epidermal cups. The adhesive 
organs alternate with cpidermal ampullae in the 
mid-line, and 3 lateral aecessory ampullae are on 
cach side. one more or less on each side of the 
base of each adhesive organ. 

Remarks: Tokioka and Nishikawa (1975) 


concluded that Eudisioma rigida Yokioka, 1955b 
from the Palau Is, with its grecn test, but yellowish- 
brown rather than green zooids, was distinct from 
the present species. However, zooids and colony 
of both species resemble onc another, and in 
preservative become the same bluish-black. They 
arc here considered synonymous. Eudistoma 
marianense Tokioka, 1967a has a similar colony 
and larva. although the larval trunk is slightly 
longer than that of the present species. The colour 
of the Marianas Is speeimen is not recorded. The 
present species is never the red-brown colour of 
the small colonies assigned to £ rigidum by 
Monniot and Monniot (1987). 
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Mudistoma viride Tokioka. 1955b, from the 
Palau [s has its green pigmentation principally 
in the zooids, and they can be seen through the 
translucent test, while the whole test is green and 
opaque in the present species, Eudistoma viride 
also has relatively large zouids and an incubatory 
pouch. It appears to be à synonym ol Sigilline 
visnifera (see above). Tokioka and Nishikawa 
(1975) have discussed the relationship of £. 
tokarae Vokioka, 195343 Irom the Tokara Is, with 
the present species. Their view that the former 
species represents juveniles of £, glaucum seems 
unlikely since #. tokarae. bas a milky white 
translucent test, while the principal ehuracteristic 
ol the present species is its opaque test, green when 
living and blackish blue in preservative. 

Nhe colour of the colony and the distribution 
of pigment in É, glaucum resembles that in. F. 
olivaceum (Van Name, 1902) from the tropical 
Atlantic. Specimens of the latter species from the 
Bahamas have a variety of colony Forms. some 
with sessile heads on a basal mat and sonic long 
and stalked (AMNH2349; see also Van Name 1945). 
Although some resemble the shape of colonies of 
the present species, heads are smaller with lewer 
zoids aud stalks are longer. Further, it is unlikely 
that the tropical Atlantic species has a range that 
includes the western Pacilic. Therefore, the two 
shonld not he regarded as conspecific. Monniol 
and Monniot (1987) refer tà a specimen (undes- 
eribed) ol Æ olivaceum from Fiji, but it probably 
belongs to the present species. 

The posterior abdominal vascular stolon of this 
species is longer than in most others of the genus. 
Tt extends down into the stalk asan Sigillina spp., 
but lacks the extension of the epicardium which 
occurs in the latter genus. Zudisioma superlutum 
n.sp. has a similar vascular stolon 


Endistoma globosum Kolt. 1957 
(Fig. 79a-d) 
Fudisteina globosum Xan, 19572. p. 72 


Disputu pos 

New Reeorps Western Australia (Houtman's 
Abralhiw, WAM 832.83 839.83, Rottnest 1, QM 
GH4503, WAM (33.75; Margaret River, WAM 815,83 
QM 612/28). Queensland 1 Capricorn. Group, QM 
G H4579) 

Previousry Ricunneio Westra Australia (Rotinesi 
l AM YI202 YID 4 Rott 19574). 


PESCRIPTION 

Extennar APPEARANCE. Colonies usually 
consist of rounded to oval or conieal heads that 
avertap a short, thick stalk. Stalked heads are up 
to 4cm high, Several heads sometimes arise from 
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hasal test. ar (be stalk may branch. The surface 
test nf the head of the colony is always free of 
sand. However, sand grains ure crowded in the 
test and projeet up Irom the stalk into the centre 
of the head of the colony. Faecal pellets are 
throughout the colony. 

In life the colour of the sand crowded in the 
stalk alfeets its colour. The gelatinous test of the 
head is darkly pigmented, the colour becoming 
progressively more intense toward the top of the 
colony. Around ihe lower half of the head, the 
embedded sandy core projeeting up from the stalk 
is closer to the surface and the colour less intense. 
The colour on the top ol the heads is *blaekish- 
state’ (Ridgeway 1886). Kou (19573) recorded 
specimens Irom Rottnest L. as blaekish-green, 

In [reshly preserved material are both black and 
tan spherical pigments. cells up to 0.04mm ın 
diameter in a layer beneath the surface of the 
colony, and in the thoraeie body wall ol zooids. 
Zooids are otherwise whitish-yellow with a 
greenish-yellow stomach. In long-preserved 
colonies Irom Western Australia the tan colour 
persists, but not the black. 

INTTRNAL Sarvcture: Zooids are relatively 
long and slender when relaxed. extending from 
the surface of the head down into the base of 
the stalk. However. they contract to about 2.5mm. 
The atrial siphon is langer than the branchial 
siphon, and is located well dawn the thorax. There 
are 3 rows of branchial tentueles. About 15 
longitudinal rhoracic muscles continue in a wide 
band along each side of the ventral line of the 
abdomen, causing it to curl up when contracted. 
^n unperlorated prestigmatal area is in the 
anterior part of the pharynx. The stigmata, 
perhaps 15 to 20 per row, are difficult to count 
The gut and gonads are in the usual position in 
the posterior end of the abdomen, 

A single large embryo is in the atrial cavity of 
specimens taken from Rottnest l. in March, and 
Margaret River in January. The larval trunk is 
[7mm long. lt is the largest known for an 
Eudistoma species. The tails winds almost three 
quarters of the way around the trunk. Wide, rather 
Nat median ampullae alternate with the large 
adhesive organs in the vertical mid-line anteriorly. 

Remauas, Superticially colonies Irom Western 
Australia with their crowded zooids in stalked 
heads resemble those of £. elongatum, except they 
are a darker colour, do not beeome long and 
cylindrieal, have sand embedded in the stalk and 
the centre of the head, and have large spherieal 
pigment eclls. The pigment cells resemble some 
Found in £, maculosum nsp and E, rigrum n.sp. 
hut are larger. Eudistoma muscosum nom, nov. 
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Fic. 79, Eudistoma globosum: a, colony (QM GH4563); b, section through colony showing sand (WAM $15.83); 
c, thorax showing brown pigment in hody wall (QM G4579); d, larva (QM GH2128). Eudistoma gracilum 
n.sp.: e, 200id (holotype QM GH4531): f, larva (QM GH4533), Scales: a,b, lem; ce. 0.5mm; d, 0.2mm; f, 


0.tmm. 


has shiny brownish red pigment cells of a similar 
size in freshly preserved material but they 
disappear in preservative, and are never hlack as 
in the present species. The species are further 
distinguished by the shape of the colonies and the 
arrangement of the zooids. 


Eudistoma gracilum n.sp. 
(Fig. 79e,f) 
DISTRIBUTION 
Tyre Locaiiry Queensland, Heron 1. north reef. coll. 
P. Kott 15.1.83, holotype QM GH4531; paratype QM 
GH4532. 


FurtHen Rrcogps. Queensland (Heron 1.. QM 
GH4533 GH4837). 


DESCRIPTION 

EXTERNAL Apprarance: Colonies form 
smooth-surfaced sheets. up to 6cm in maximum 
diameter and only about 0.5cm thick. In life, the 
test is a soft, red or ‘orpiment orange’ (Ridgeway 
1886) translucent jelly resembling a water-ice. 
Zooids, white or orange. are easily seen through 
it. Some faecal pellets are in the test. In 
preservative colonies are a rather dirty, transpar- 
ent, beige and zooids are green, the green being 
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especially concentrated in the muscles. The soft, 
sometimes almost mucus-like test fills concavities 
in the surlacc of the coralline rubble over which 
it grows and zooids often are drawn down into 
these concavities. The substrate thus forms a 
framework for support and protection of these 
delicate colonies. 

Systems were not identified in the soft test, 
although it is possible they were present in the 
living colony, as ihe atrial siphons are relativcly 
long and probably open in the centre of a circular 
system. Sphcrical brown cells, about 0.01mm 
diameter, are scattered evenly in the test and 
sometimes these collect together in almost 
sphericaf reservoirs in the test. 

INTERNAL SIRUCINRE: The delicate, relatively 
small, slightly contracted zooids are only about 
2mm long. The 12 longitudinal muscle bands on 
the thorax, continue along the abdomen in two 
wide bands. No circular muscles were detected on 
the thorax. There are only about 10 stigmata per 
row. Thc oesophageal neck is long and narrow. 
The small, smooth stomach and small oval 
posterior stomach are in the posterior end of the 
abdomen. 

A single embryo is in the atrial cavity of 
specimens coflected in May (QM GH4533). The 
larval trunk is 0.6mm long and single ectodermal 
ampullac alternate with thc adhesive organs in the 
anterior mid-line. The tail winds almost thrce 
quarters of the way around the trunk. 

Remarks: The specics is distinguished by its 
small zooids with relatively few stigmata, fine and 
exclusively longitudinal musculature, and the soft 
test and thin eofonies. The farval trunk is about 
the same length as that of E. incubirum n.sp., but 
is not so deep and its ampulfae are not so wide. 
The larvae of E. laysani and E. elongatum also 
are similar, but smaller. 


Eudistoma incubitum n.sp. 
(Fig. 80) 

DISTRIBU LION 

Tyee Loca rry: Queensland (Capricorn Group, NW 
Wistari Reef, rubble fauna. LW M., coll. P. Kou ET.11.85. 
holotype QM GH4537, paraiypes QM GH4538). 

Furtner Recorps Queensland (Capricorn Group. 
QM G11953 GH2268 GH4534 6 GH4565 6 GH4584). 


DESCRIPTION 

Ex1ERNAL. APPEARANCE: Colonies consist of 
upright, cylindrical to mushroom-likc lobes up to 
2cm high. In young cofonics (QM GH2268) zooids 
open on the upper free end of the lobe, and the 
anterior part of each zooid projects [rom the 
surface. Larger lobes have circular to oval heads 
up to 2cm in diameter, supported by firm 
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cylindrical basal stalks. Sometimes the stalks 
branch, and numbers of lobes arise Irom common 
basal test. Living colonies arc white, with 
transparent test and white zooids, and are the same 
in preservative. Faecal pellets are in the test, 
especially in the stalk, but sand is not. Circular 
systems of 4 or 5 zooids are seen through the 
transparent test of the head. 

The surface test contains evenly spaccd, 
conspicuous spherical cells about 0.05mm in 
diameter and about 0.3mm apart. These give the 
colony a speckled appearance when magnified. 

INTERNAL STRUCTURE: Zooids are small. about 
3mm when strongly contracted. When relaxed they 
occupy the whole height of the colony and are 
slender. About 10 longitudinal muscles are on the 
thorax, continuing along the wholc fength of the 
abdomen in up to 7 bands of unequal width on 
each side, although sometimes only a single wide 
band is on each side of the ventral mid-line. 
Contraction of the longitudinal muscles not only 
makes the oesophagus minutely wrinkled, and the 
rectum folded and bent, but also hends the 
abdomen up against the ventral border of the 
thorax. A band of about 12 circular muscles is 
around the middle of the thorax. About IO 
stigmata are in the anterior row, hut they could 
not he accurately counted in these contracted 
specimens. 

The gut is characteristic of thc genus with a 
small smooth stomach, long duodenal region and 
oval posterior stomach. Long tubules of thc 
gastro-intestinal gland lie along thc proximal part 
of the rectum. Gonads are in the distal part of 
the gut loop. The male follicles are relatively large 
when mature. The proximal part of the vas 
deferens expands into a long spindle-shaped 
seminal vesicle when filled with sperm. 

In specimens collected in May, July. August 
and Novemher (QM GH4538 GH4584 GH4565 
GH4537 respectively) a row of up to 4 embryos 
is in the distal part of the oviduct, just posterior 
to the thorax. Embryos lie in a devclopmental 
sequence with the most advanced at the top. They 
are incubating in thc oviduct, and consequently 
wcre fertilised therc, rather than in the atrial cavity. 

Larvae are almost spherical, the trunk about 
0.6mm long. The tail is moderately long, reaching 
about three-quarters of the way around the trunk. 
The surface of the larval test has the same speckled 
appcarance as the surfaee test of the adult colony. 
This is due to terminal expansions of thread-like 
extensions from thc larval ectoderm. These vesicles 
can be removed with the larval test. They resemble 
similar structures in the angolanum group of 
Eudistoma (see above: Eudistoma; and larvae in 
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Fic. 80, Eudistoma incubitum; a, colony showing systems of zooids (holotype QM GH4537): b. colony showing 
speckled test (QM GH2268): c, 7zooid showing body organs (QM GH4584); d,e zooids showing incubating 
embryos (holotype GH4537); f. larva (QM GH4584). Scales: a, 5mm; b, 2mm; c-e, 0.5mm; f, 0.2mm. 


the Annotated Glossary). Paired lateral ectoder- 
mal ampullae alternate with the adhesive organs 
which are almost sessile, on short, wide 
stalks. 

Rtmarks: The speckled appearanee of both 
larval and adult test in this species is unique. The 
presence of developing embryos in the top of the 
oviduct is also unusual, for in other species 
examined in the course of this study maturing 


embryos are in the atrial cavity where fertilisation 
probably occurs. The spherical shape of the larval 
trunk is also distinctive. The white transparent, 
lobed colonies and small zooids sometimes 
projecting from the upper surface of cach lobe 
resemhle small lohes of E. tavsani. However, in 
the latter species the living eolonies are an 
iridescent blue and the larvac are smaller with a 
relatively long, narrow trunk, 
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Eudistoma laysani (Sluiter, 1900) 
(Fig. 81) 
Distoma laysani Sluiter 1900, p. 9. 
Polvcitor faysani: Sluiter 1909, p. 4. 
Eudistoma laysani: Millar 1975, p. 221. Not Tokioka 
1967a, p. 119: 1967b, p. 394. 

Disroma parva Sluiter, 1900, p. 6. 
Eudistoma parvum. Kott 1957a, p. 77 
? Polvcitor regularis Sluiter 1909, p. 
Polycitor ( Eudistoma) olivaceum: Tokioka, 1942, p. 497, 
? Eudistoma album F. Monniot, 1988, p. 210. 


DISTRIBUTION 

New Recorps. New South Wales (Botany Bay, 
AM2206), Queensland (Currumbin, QM GH4539; 
Burleigh Heads. QM G9268 GH4541; Caloundra, QM 
GH4546; Mooloolabah, QM GH4545, Noosa, QM 
GH4543 GH4547; Tannum Sands, QM GH 1499; Heron 
1., QM G10039 G11953 GH2267.8 GH4548 9; Sarina, 
QM GH4544), Lord Howe 1. (QM GH4542). 

Previousty Ricorpep; New South Wales (Lake 
Mucquarie Kou 1957a). Palau Is (Tokioka 1942). 
Indonesia (Sluiter 1909, Millar 1975). Phillipines (Millar 
1975). Hawaii (Laysan Sluiter 1900). 

This is a common and conspicuous species in the 
western Pacific, and is found higher up the intertidal 
region than any other aplousobranch ascidian, The 
majority of the records are from the intertidal region, 
sometimes even at mid-tide level. Only the record from 
the Phillipines (Millar 1975) is from a greater depth 
(22m), 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies consist of a 
basal mass of common test supporting numerous 
lobes. Each lobe consists of a cylindrical, 
sometimes branched stalk, and a slightly expanded 
head, its upper surface flat, rounded, or conical. 
Lobes are about 3mm to lcm high. Stalks are 
firmer than heads. which have delicate transparent 
test. Abdomina of the zooids are crowded, parallel 
to one another down the length of thc stalk and 
into the basal test. In addition to thc abdominal 
portions of thc zooids, the stalks contain faecal 
pellets, and both confer their colour to the stalk 
and make it quite opaque. Epizooites and other 
foreign particles are often on the stalk and basal 
test but never any embedded sand. 

Atrial aperturcs arc always anterior to, or more 
central than the branchial apertures, hut there are 
no systems. 1n small, juvenile lobes with up to 
6 zooids the anterior ends of the zooids project 
separately above the surface of the head, but in 
larger colonies only the aperturcs protrudc. Larger 
lobes with rounded, club-shaped or pointed heads 
contain up to 100 zooids opening all over the 
surface of the head. In many specimens the size 
of the lobes from one basal mass is varied, and 
small, presumably developing lobes, such as those 
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described by various authors for E. /aysani, are 
prcsent. 

The separate lobes of living colonies when 
inflated appear confluent with one another. They 
are white with ‘pale antwerp blue’ (Ridgeway 1886) 
iridescence. In preservative the blue pigment only 
occasionally persists and the colonies are pink or 
white. 

INTERNAL STRUCTURI: Extended zooids are 
often particularly long, with a long, narrow 
oesophageal neck. However, the thoraces are 
seldom more than Imm. Contracted zooids are 
no more than 2mm long. Zooids are narrow and 
much less robust than most other species of this 
genus. Both branchial and atrial lobes are large 
and triangular. and a distinct circular muscle 
surrounds each relatively short siphon. From 8 
to 16 fine longitudinal muscles are on the thorax. 
Thesc extend along each side of the abdomen as 
separate fine muscles rather than wide bands. 
Circular muscles, beneath the longitudinal bands, 
arc also fine and are confined to the middle of 
the thorax. There are l6 long tentacles in a 
posterior row and further tentacles in 3 additional 
antcrior rows. The atrial siphon originates 
opposite the first row of stigmata, well down the 
dorsal surface. A long prestigmatal region is in 
the anterior part of the pharynx. 

The stigmata can be more easily counted in this 
than in other species of this genus, possibly hecause 
of the relatively fine musculature, Only 12 stigmata 
are in the posterior row, but up to 20 are in the 
anterior row. The dorsal 3 stigmata in the anterior 
row curve up along the mid-line, toward the dorsal 
ganglion, The usual small, smooth-walled stomach 
is at the posterior end of the abdomeri. There is 
an oval posterior stomach but it is not always 
distinct. Tubules of the gastro-intestinal gland 
extend anteriorly along the ascending limb of the 
gut loop. 

Mature gonads and up to 8 embryos are in the 
atrial cavity of specimens from Heron l. collected 
in February (QM GH4550). Specimens from 
Batehaven collected in April (MV F53397), from 
Botany Bay collected in May (QM GH4540), and 
from Caloundra (QM GH4546) and Noosa Hcads 
(QM GH4543) collected in November, have a 
similar number of embryos in the atrial cavity. 

Larvae are small, the trunk only 0.4 to 0.5mm 
long. The tail is wound halfway around it. There 
is an otolith and an ocellus, and 4 single median 
ectodcrmal ampullae alternate with the stalked 
adhesive organs. 

Remarks: The multilobed colonies, with 
dclicate transparent test on the terminal part of 
the lobes, and without embcdded sand; small 
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Fic. 81, Eudistoma laysani, a, large colony (QM GH4541); b-d, smaller colonies (QM GH1499 GH4548 AM 
Y2206); e, zooid, with 4mm of oesophageal neck excised (AM Y2206); f, thorax with incubating embryos 
(AM Y2206); g, larva (QM G9268). Scales: a, 2mm; b-e, 1mm; f, 0.5mm; g, 0.1mm. 


216 


zooids with fine muscles; and small larvae are all 
characteristic of the species, as is their whitish- 
blue iridescence. Their colour resembles that of 
Ritterella prolifera (Oka, 1933), but in the latter 
Spccies the lobes are sessile rather than stalked 
(see Kott [972d). 

A wide range exists in the shape and size of 
the lobes of these colonies, occasionally within 
the one colony (QM GH4540 GH4550). More 
often the stalked lobes are a uniform size in cach 
colony. Variations in their diameter are probably 
the result of growth. However, smaller lobes occur 
more frequently in the tropics than in temperate 
waters, and there may beaclinein the populations. 
The colonies resemble lobes of E. elongatum in 
the absence of systems, blue iridesence and small 
larvae, and it is possible that the latter species 
is conspecific, representing populations with long, 
rope-like heads at one end of a cline. 

The type material of Eudistoma laysani (Sluiter, 
1900) from Laysan has small lobes, each with a 
single circle of zooids with their anterior ends 
projeeting from the free end of the lobes, Millar 
(1975) recorded similar specimens from the 
Philippines and Indonesia. Millar’s specimens 
contained small larvae similar to those in the newly 
recorded material. The zooids in the lobes of the 
Australian material usually are more numerous, 
crowded and not arranged in circles, but single 
circles do occur in the smaller lobes. Thus, until 
some character is identified to indicate different 
species, the specimens referred to in the synonymy 
and distribution (above) are regarded as 
eonspecific. 

Tokioka's (1967a.b) specimens from thc Palau 
Is and from Vietnam, respectively, with long. 
rather irregular colony lobes and relatively large 
larvae are not of this species. The colonies from 
Vietnam (Tokioka 1967b) resemble thosc of 
Eudistoma toealensis Millar, 1975, and the larvae 
also are similar. Larvae of the Palau Is specimen 
(Tokioka [967a) suggest it is yet another species. 

Eudistoma segmentatum (Sluiter, 1909) has a 
similar colony but a larger zooid than £. /aysani. 
Eudistoma parvum (Sluiter, 1900) recorded from 
Laysan, and a possible synonym from Japan £. 
parvum Oka, 1927d (see also Tokioka 1953, 
1954b), is another similar species, although the 
Japancse colonies are solitary stalked heads rather 
than the multi-lobed ones of the present 
species. 

Zooids (but not the colonies) of the present 
species resemble those of Eudistoma gracilum 
n.sp. in their small size and fine muscle bands. 
The colonies of the latter species are flat sheets 
rather than separate stalked lobes joined to a basal 
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test mass or stolon, and the test is extremely soft 
and mucus-like. 


Eudistoma maculosum n.sp. 
(Fig. 82. Plate 16a-d) 
Eudistoma renieri: Kott, 1957a, p. 74; 1972a, p. 10. 
1972b. p. 171. 
Eudistoma pyriforme: Kott 19722, p. 9; 1976, p. 58 (part, 
speeimen from Mallacoota Inlet). 


DISIRIBU LION 

Tver Locatiry. South Australia (Ward 1.. 20 25m, 
coll. N, Holmes and S. Shepherd 31.3.82, holotype QM 
GH1304; Topgallant 1., 5m, coll. N. Holmes and S. 
Shepherd 29.3.82, paratypes QM GH1278; Flinders 1., 
Investigator Group, 8m in caves, coll. N. Holmes 10.4.83. 
photo index PE 0024 R965/R967, paratypes QM 
GH2391). 

Further Rrconpbs; Western Australia (Pt. Peron, 
AM Y1299 Kott 1957a). South Australia (Great 
Australian Bight — Kott 1972a.b; Ward 1, QM 
GH1282). Victoria (Mallacoota Inlet - MV F5482 Kott 
1976). New South Wales (Jervis Bay, QM GH4605). 


DESCRIPTION 

Colonies form firm, fleshy, flat-topped oval 
cushions to extensive fleshy sheets 0.5 to 1,5cm 
thick, with rounded borders. They are fixed by 
the whole or part of the basal test. The surface 
is smooth. Zooids are in circular systems of 6 to 
8. Living colonies are white with black zooids. 
In preservative all colonies are opaque, slate-grey 
to black with blackish to blue zooids and brown 
to tan pigment cells concentrated in patches near 
the surface of the otherwise whitish, cloudy. 
translucent test. These brown to tan pigment cells 
form an inconspicuous, mottled, rusty-looking 
pattern. on the surface of the colony, South 
Australian specimens are white with black zooids. 
and thc specimen from NSW is brown and white. 

Sand is embedded in the middle layer of test 
and becomes less crowded toward the base. Sand 
is usually absent from the upper half of the colony. 

INTERNAL STRUCTURE: Zooids are robust with 
about 20 longitudinal muscles on the thorax that 
continue onto the abdomen in a wide band on 
each side of the mid-ventral line when contraeted. 
In relaxed zooids the longitudinal muscle bands 
are separate from one another. There is an almost 
continuous coat of circular thoracic muscles. 
Circular muscles are on the siphons, but they do 
not form a distinct sphincter. About 20 long 
stigmata are in each row. The gut has the divisions 
characteristic of Eudistoma. 

A single large embryo projects from the atrial 
cavity in colonies collected from Point Peron 
(WA) in January (AM Y1299), from South 
Australia in November (see Kott 19724) and from 
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Fic. 82, Eudistoma maculosum n.sp.: a, thorax showing 
muscles (holotype QM GH 1304); b, abdomen showing 
gut loop and longitudinal muscles (holotype QM 
GH 1304); c, zooid showing lower third of abdomen 
contracted up against middle third (QM GH4605); 
d. larva (AM Y1299). Scales: a-c, 0.5mm; d, 0.2mm. 


Jervis Bay in August (QM GH4605). The larval 
trunk is 0.9mm long and the tail is wound almost 
three-quarters of the way around it. Larvae are 
unusual in having 3 large adhesive organs cach 
with a short stalk and large, vertically elongated, 
oval platform of columnar cells in a shallow 
epidermal saucer. Bract-like epidermal ampullae 
are in the mid-line, one dorsal and one ventral 
to the base of each of the adhesive organs. Larvae 
have 3 raws of stigmata. 

Remarks: This commonly encountered, robust 
tcmperate species resembles, and may be rclated 
to, the tropical species Eudistoma tigrunm n.sp. 
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Both have the same pattern of surfacc pigmen- 
tation which, in preserved material appears as rust- 
like patches. They also form extensive rather sheet- 
like colonies with rounded borders, and have their 
zooids in circular systems. The principle distinc- 
tions between them are in the larvae — thc present 
species having a larger larva with bract-like 
ectodermal ampullae and vertically clongated 
platforms of adhesive cells in the short, thick- 
stalked adhesive organs, while those of E. tigrum 
n.sp. are smaller, have adhesive organs with long 
narrow stalks altcrnating with median paired 
ampullae. Where larvae arc not available, the 
temperate — as opposed to tropical — range of 
the present species must bc relied on to separate 
it from £. tigrum n.sp. Larvae with the same 
elongate adhesive organs are known for E. 
glaucum, E. purpureum n.sp. and E. marianense 
Tokioka, 1967a, but the larval trunk in these 
species is much longer (1.2mm, 1.5mm and |.5mm 
respectively), and their colonies are mushroom- 
like with short thick stalks (E. glaucum and E. 
marianense), or large rounded, sessile cushions (£. 
purpureum), rather than the extensive sheets of 
the present species. Eudistoma muscosum nom. 
nov, has larvae of similar length and the same 
elongate adhesive organs as the present species. 
The test is also darkly pigmentcd with tan and 
dark coloured pigment cells. However, the two- 
toned colour pattern of E maculosum is not 
present, and the colonies do not form the same 
extensive sheets. 

In one specimen (Kott 1972a, Wright 1.) the 
second and third adhesive organs are joined, and 
there is one long protruding ridge of columnar 
cells. 


Eudistoma malum n.sp. 
(Fig. 83a,b) 

DISTRIBU LION 

Type Locatiry. Queensland (Capricorn Group, 
Heron l., side of bommie 10m, coll. N, Coleman 20.7.73, 
AMPI 87, holotype QM G11939; Heron l., 8 10m, coll. 
P. Kou March 1975, paratype QM G11940). 

FURTHER Recorps, Qucensland (Capricorn Group. 
QM GH4635 9?GH4851: off Gordonvale, QM GH798). 


DESCRIPTION 

EX11 RNAL. APPEARANCE: Smaller colonies 
consist of top- to mushroom-shaped lobes. often 
with an almost completely spherical hcad, about 
2 to 3cm diameter, on a short, thick stalk, The 
largest colony available (QM GH798) is an upright 
cone 4cm high and 3cm diameter. Sand is in 
varying concentrations in the stalk and sometimes 
extends up into the centre of the head. Zooids 
open all around thc hcad, and are in circular 
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systems of 3 ord zaoius., In tile the holotype colony 
was reported a *yellow ball ascidian’, However. 
the paratype and other colonies are shades of 
purple "burnt sienna’ at the top of the stalk 
to ‘madder brown’ on top; ‘cinnamon rufus’ 
shading to a transparent stalk (Ridgeway 1886); 
and maroon purple with a sandy stalk, In 
pleservalive colonics become translucent and 
greyish while with some minute (0.01mm) hluish- 
black to brown pigment cells in the surface layer, 
and lairly evenly distributed through che 
remuinder of the test, These cells are also found 
lying free in the space between the zooid and the 
test. Olten a white suspension is in the surluce 
test. Usually pools of greenish-brown to brown 
pigment cells ure ab the base of the stalk. Sand 
embedded in the stalk affects its colour. In 
preservative couids are cream to pink, 

Iit NAT Sitgucar kr Zoods are rohust but 
relatively short, about 3mm long when contracted. 
‘The atrial siphon usually is 2 to 3 times the length 
of the hranchinl siphon About [5 longitudinal 
thoracic muscles continue along the side of the 
abdomen. On the thorax, these muscles tend to 
form a rather regular meshwork with the internal 
eicular museles. Moderately cunspicuous sphine- 
ters are around the siphons. There are about 16 
stigmata per row. The abdomen is of the usual 
form with gonads in the gut loop. The testis 
follicles sometimes form a fairly compact. almost 
spherical mass of follicles at the side ol the distal 
end ol the gut loop, but sometimes are loosely 
disposed in the gut loop. 

Up to 4 developing embryos arc lined up, 
overlapping one anolher m the perihranchial 
cavity. Larvae, which are in both holotype and 
puratype colanies, have an elongate trunk 0.75mm 
long with relatively long tail wound about two- 
thirds the way around it. A row ol 4 rounded 
lateral ampullae 15 along each side ol the median 
adhesive organs at the anterior end of the trunk. 
the ventral pair are [lattened. plates on a long 
buse. 

Rimarks The larva of this species, with its 
long trunk. and narrow plate-like ventral ectod- 
ermal ampullac, i5 distinctive. However the adults, 
especially after preservation, have few distinguish- 
ing characters except the evenly distribnted 
spherical pigment cells and upright colonies. 

Eudistoma glaucum has similar stalked heads 
and zooids. although the present species lacks its 
green pigment. Zudistoma globosum has a similar 
colony but lacks the circular systems. The larval 
trunk of É, terum n.sp. is the same size us the 
present species, but its colonies are Hat sheets 
rather than upright lobes and it has u distinctive 
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colour pattern in the surlisec. test. Preserved 
colonies al the present species have 2 white 
suspension in the surface, and accordingly it con 
be confused with Æ anaematuni usp. which is 
distinguished by its law cushion-like colonies 
without stalks, smaller pigment cells. and longer 
atrial siphons. Eudistoma muscosum nom. nov. 
has a similar compact spherical mass ol testis 
lollicles, but it has more crowded and larger 
pigment cells, lacks hoth the stalk and white 
surface suspension characteristic of the present 
species, and its preserved zooids ure more intensely 
coloured, being reddish-hrown rather than pink 
to ereain, One long-preserved specimen. possibly 
this species, (ram Heron 1. (QM GHAS8SI) has last 
all colaur exeept for a wide collar of spherical 
oronge vesicles around the duodenum 


Eudistoma wicrolaryum n.sp. 
(Fig, Ked) 
Dis reisus 

Tym Loc ary, Queensland (North Stradbroke i.. 
Point Lookout, near low tide mark, coll. A. Rozetelds 
17.11.78. holotype QM GH4520: parstypes QM 
GITA4521). 

Forin Ricosgsims Queensland (Hervey Hay, QNM 
11938). 

the species has so tar been recorded only in sindy 
habitats, Crom 8 smali part of the southern Queensland 
coast. 

Drserit DON 

UxttuNAL. ArrrARANCI: Colonies are Hat 
investing sheets or cushions. up to |.5em high. 
and sometimes with the naked upper surface 
divided into irregular lobes, ‘The tes! js almost 
transparent and although it hus sand grains 
embedded, the sand is relatively sparse in the lower 
hall of the colony and sometimes absent from the 
upper half around the thoraces of the zaaids. 

The small 2o01ds. which are 4mm long when 
extended, are white und thread-like in. preserva- 
tive, and can he seen extending vertically through 
the transparent test. They do not form systems. 
Ihe sepurately opening atrial and branchial 
apertures can he demanstrated hy washing a drop 
of stain across the surfaee of the colony. 

IN uses A. Sigues Both the branchial and 
atrial siphon are relatively short, each with a short 
sphincter. Choracie muscles are fine, shout. 12 
longitudinal hands and only about 14 transverse 
ones. Longitudinal muscles extend along each side 
ol the ventral hall of the abdomen well separated 
fram one another. They are not gathered into a 
continuous wide band. There are only about 8 
stigmata per row, The oesophageal neck is long 
and narrow, and the small, smooth-walled 
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Fic 83, Eudistoma malum n.sp.: a, zooid (QM GH4638): b, larva (holotype QM G11939). Eudistoma microlarvum 
nsp. (holotype QM GH4520): c, colony; d, zooid; e, larva, Scales: a.d, 0.5mm; b,e, 0. Imm; e, Smm. 
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stomach is m the posterior end of the abdomen. 
The duodenal area is long aud tapers to a small. 
oval. posterior stomach at the posterior end al 
the descending limb of tlie gut loop. 

A long. grape-like cluster of male lollicles at 
the left side of the gut loop slightly overlups the 
pale of the gut loop Uhe type material. has a 
single embryo in the atrial cavity, mature male 
follicles and the vas dcicrens lilled witli sperm and 
expanded. imo a long spindle-shaped seminal 
vesicle at its proximal end. 

The larva is small with a trunk about 0.4mm 
long, It has lateral as well as median ampullae, 
an ocellus and otolith. 

Remarks: Colonies of this species are readily 
distinguished irom Ztidistonma constrictum (which 
also is sandy, investing und lacks systems) hy its 
small thread-like zovids, 


Eudistoma museosum nom. nov 
(Fig. 84) 
Poh ito inoliis Shater, 1909. p. 11 
Not Disiema molle Ritter. 1900. p. 60$, - 
molles Van Name 1945, p. 128 


Liulistunta 


Dusiiipt dis 
Now Ricosrs Quceensluud (Caprica Grow, QM 
CGL 611944. 7 GIEL39 GH4568 78; Lizard 1.. QM 
GH4592 AM Y 2207). 
Vurvictsiv Rer ork 
Nluiter 1909). 


Indonesia (ZMA TESOL 


Desc RIPIN 

Extrrevar AritAkANCH: Most colomes are 
smooth, shiny and round to Jozenge-shaped or 
irregular pillows about one to 2em in maximum 
extent and up to 0.Scm high. They are fixed hy 
most of the basal suifaee. The colony from Lizacd 
1, (AM Y2207) is larger. It is an upright lohe at 
least Sem high and Jdem in diameter. 1n life colonies 
occur in a variety of colours in the range khaki. 
olive to brown (Ridgeway 1886: “tawny-olive, 
‘sepia’, "wood-brown', *mustard-green".. ‘clove- 
brown’, "olive, *olive-green', ‘hay’ "bistre?). 
Occasionally the colour shades (rom brown at one 
end to tawny olive at the other. In preservative 
the colour becomes black-brown or brown, and 
later a cloudy greentsh-grey. In freshly preserved 
material a mass of opaque tan-coloured pigment 
cells (0.04mm in diameter) pack in the test at 
thoracic ta oesophageal level, helow the surface 
of the colony. Also minute (0.02 to 0.03mm) shiny 
reddish spheres are scattered. in the test. The 
preservative stains reddish to brownish-vellow. In 
freshly. preserved material zooids are black, 
although this persists only in the anterior part of 
the thorax. Zooids, especially im the endostyle, 
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gut and gouls, usually beeome the reddish-brown 
colour ol the preservative. The test is relatively 
transparent in preservative and ts solt Sand and 
laceal pellets cinbed in the test in the base af the 
colony. Zaoids are in circular systems of abou 
S. with theit atrial apectuces near one another in 
the centre ol the circle. 

Init esa: Sha cies. Zooids are large (up lo 
Smm long even when contracted) and robust. Lhe 
oesophageal neek is relatively thick. The atrial 
siphon is 2 to 4 times longer than the branchial 
siphon, und both are relatively wide. Strong 
circular muscles surround cach siphon fairly 
evenly along their length There are about 20 
strong thoracic longitudinal muscle bands and 
more humerous circular oncs. Longitudinal hands 
continue along euch side of the abdomen 
separately and are not gathered into a band. Shey 
terminate just posterior to the stomach on euch 
side of the mid-ventral line. Thos. when contracted 
the acsophageal neck is shortened, the oesophagus 
and reetum are hocizontally wrinkled and pleated, 
but the posterior end ol the gut loop is not much 
affected. About 25 stigmata are in the anterior 
raw and only 18 in the posterior row. The dorsal 
part of the anterior raw of stigmata curves forward 
along each side of the dorsal mid-linc. 

A long duodenal area and a distinct oval 
posterior stamach lie in the posterior part ol the 
descending limb of the gut loop. Long Juhutles 
ol the gastro-intestiual gland curve around part 
of the rectum opposite the duodenum, In 
spceimens collected in November the testis follicles 
are mature and form a large. compact spherical 
miss on the lelt side of the posterior end of the 
gut loop. The vas deferens is conspicuous with 
a long. spindle-shaped expansion packed with 
sperm as it extends anteriorly dorsal to the rectum. 

Oue or 2 embryos are in the atrial cavity of 
specimens collceted in August (QM GH 1349) and 
January (QM GH4568). The larval ]runk is :dmost 
spherical, and about Imm long. The 3 adhesive 
organs are of different sizes. Each hus a wide. 
slightly elongated platform. of adhesive cells, 
surrounded by a shallow ectodermal cup. ‘The tail 
is wonnd about three-quarters of the way around 
the trunk. Phe larval epidermis contains dark 
pigment concentrated in the 2 posteriorly 
projecting horns of the larval haemocoel ~ onc 
each side ol the base ol the tail. These larvae have 
3 rows of stigmata. 

Remarks Living specimens are distinguished 
by their brown khake olive green colour, hut in 
preservative hy the soft translucent test, mirute, 
shiny, spherical (red in preservative) and opaque 
tan pigment cells, the large compaet spherical muss 
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hic. 84, Eudistoma muscosum nom, nov.: a-c, zooids showing various positions of the atrial siphon (QM GH457 
GH1349 GH4570); d. thorax, showing dorsal end of row of stigmata continuing alongside mid-dorsal linc 
(QM GH4568); e, larva (QM G14568). Scales: a-d, 0.5mm; e, 0.1mm. 
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ol tests lollicles and the reddisli-brüwni ur black 
z00ids. 

The type specimen (ZMA TU.801) is a solt, 
Neshy, sessile cushion Irom which most ol the 
colour is now lost leaving the test almost 
transparent. Some brown pigment remains in the 
zooids around cach of the apertures, Zooids are 
robust with a large compact miss of male lollicles 
as in the newly recorded material, Although Sluiter 
recorded lewer stigmata, there are at least [5 in 
the type specimen, the exact number being dillicult 
to determine owing to the contracted condition 
of the zooids.. 

I nag-preserved colonies in which the colour has 
faded altogether can be confused with Eudistoma 
purpureum nap. although the latter species has 
larger larvae. Eudistoma grum nsp. also has 
robust ooids and looses its colour in preservative, 
but has shect-like rather than cushion-like 
colonies, and smaller larvae with flattened leaf- 
like ampullae and small, narraw-stalked adhesive 
Organs. 

‘The accumulation ol dark pigment in the 2 
posterior horns of the larval haemocoel is 
reminiscent ol the angolanum group of Eudis- 
tema. although these have more ampullae than 
Ihe larvae of the present species, 


Eudistoma avatum (Herdman, 1586) 
(Fig. 85a-f) 
Peammanlidum ovarium Verdman, 1886, p. 246. 
Eudisinma oval; Hastings, 1931, p X2 kott, 1972c. 
p. 43 (part, specimen lom S]. 773). 

Polyctror arenaceus Sluiter, 1909, p. 13. 
Polyciter waler Sluaer, 1909, p. 25 
Eudistoma pyriforme: Vokioka, 19674, p 110. 
? Eudisteqma vulgare Monniot, 1983, p. 215 


Iis IU rios 

New Ri cons: Queensland (Hervey Bay. QM G9269 
GII93K GH4594; fannum Sands. QM (114595 6; 
Capiwoin. Croup, QM GTI968 GÀ34 1971 GHASON 9 
GH4601 4; Yeppoon. QM GH4597; Redbill 1.. QM 
GH460U; Lizard 1., OM GI1970. 

Purvionsis Recokoro Wester Australia (Cape 
Boileau — Hastings 1931). Queensland (low ls QM 
GI3510. Hastings [93]). Northern. Austialia: (Torres 
Strail Herdman 1886; Gull oJ Carpentaria AM 
YID Kou 19722). Indonesia (ZMA TUSOS type & 
scaber Sluiter, 1909). Palau and Gilbert Is (Vokioka 
1967), 


Drsc KIPTION 

ExrERNAY ArrtARANCI: Colonies are. firm 
encrusting sheets, up lo Jem thick. ‘They grow over 
irreguiarities jn the substrate so that the surface 
appears raised into lobes and swellings. Otherwise 
the surlace is even, without projections or 


MEMOIRS OF THE QUEENSLAND MUSEUM 


depressions. Sand is evenly distributed throughoul 
the otherwise colourless and transparent test, but 
possibly is less crowded at thoracic than at 
abdominal level. Faccal pellets are also in the test, 
Zooids are pink. with a brownish stomach, 

Zooids are in circular systems, 2.5mm in 
diameter with up to 7 zouids per system. Zooid 
openings are reasonably conspicuous owing to the 
interruption of the sand where cach opens to the 
surface. They are evenly spaced at the surlacc but 
internally abdomina cross onc another irregularly, 

tuirenar Stevetore. Zooids are relatively 
small, the contracted thorax being quite narrow 
and only (mm long, The atrial siphon is long and 
muscular, The branchial siphon also is well 
developed with a wide hand of branchial tentacles 
Branchial and atrial lobes are rounded. About 12 
to 25 thoracic longitudinal musele hands overlie 
about 30 transverse ones. Longitudinal muscles 
continue in two long hands on each side ol the 
abdomen. Often the whole abdomen is folded up 
against the thorax owing Io the strong contraction 
of thc ventral body muscles, There are at least 
20 stigmata per 10w. 

Gonads, stomach. and the usual divisions of 
the gut distal to the stomach, are iti the posterior 
end of the abdomen. They ate obscured by the 
contraction of these small zavids, in which the 
ocsophagus is wrinkled and rectum kinked and 
Iwisicd along the whole length of the zooid. 

Up to 5 embryos are in the atrial cavity of 
specimens collected in April fiom central Queens- 
land, in April, May and October from Heron 1, 
and in July from Redbill |. (QM GH4595--9 
C€H4604 GH4600). Lurvac are small, the trunk 
only 0.6mm long. The tail winds almost three- 
quarters of the way around the trunk to the left 
of the adhesive organs. Three slender-stalked 
adhesive organs are in the median line anteriorly. 
Dorsal and ventral median ampullac each have 
a parietal hranch on each side. Each of the 2 lateral 
ampullae on each side also have a parietal branch 
near the base, Fine projections from the cctoderm 
around the apertures extend into the larval test, 

Ruemaras The other sandy species of Enis- 
tama known from tropical waters in which the 
sooids arc in simple circular systems without 
actual cloacal cavities are E. amplum and E. 
pyriforme. The latter has pyrilorm colonies that 
distinguish it fram the present species. Eudistoma 
amplum has large zooids and larvae and contains 
large, spherical symhionts in the test. as well as 
ihe sand, and the sand is seldom evenly distributed 
us it is in the presen] species. 

The sandy temperate species £, sabulosum, has 
thicker colonies than the present species, the 
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Fic. 85, Eudistoma ovatum: a, circular systems seen from the surtace (QM GH4596); b,c, thoraces with incubating 
embryos (QM GH4604); d.e. gut loops from contracted zooids (QM 611969); f, larva (QM GH4595). Eudistoma 
pratulum n.sp.: g a system of zooids from the surface (paratype QM GH4607): h, zooid (holotype QM GH4606). 
Scales: a, 2mm: b-e,h, 0.5mm; f. 0.tmm; g. Imm. 
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shrrace of the colony is net as smooth and the 
fuuids are smaller, with not more than (0 stigmata 
per row. 

Hastings (1931) concluded there were 3 sandy 
species of Ludistoma trom Australian waters, viz, 
E ovium (Herdman, 1886). F. angolanum 
(Michaeclsen, 1914) and £ piriforme (Herdman. 
1886) She compared a large (loem wide and Yen 
high) colony trom Cape Boileau. narth-western 
Australia (hat cesembles the newly recorded 
matenal) with the type specimens of £ ovalunm 
Herdman.. 1886) und a smaller specimen from the 
Great Barer Reel. and considered all 3 of these 
specnnens 10 be conspecific. A part of ihe Great 
Barrier Reel specimen examined by Hastings is 
in the Australian. Museuni: (AM. Y13510) Ht 
appears part of the colony (bisected along the 
longitudinal axis) figured by Hastings (1931. p. 
85, text fig, Sc), In this specimen the test is 
inpregnated with sand, zooids open alt along the 
suclace. and although a lew abdomina run parallel 
to the long axis, most fic almost perpendicular 
tu the surface and cross one another. fe appears 
à slice off the surface ol a larger colony rather 
than a portion of a stalked one. 

Eudistoma vulgare Monmot, 1988 has similar 
colony. zeotds and larvae to those of the present 
species and appears a synonym 

Although Po/rcitor scaber Sluiter. 1909 was 
reported to hive only 6 or 7 stigmata per row, 
reexamination of the single known specimen 
(¿MA TUSOS) has shown at to have a similar 
number to that lound in the newly recorded 
specimens, with an equally wide band of branchial 
tentacles and the sandy colony characteristic ol 
this species, 

the line ectodermal projections into the larval 
fest around the apertures aceur in many Fidis: 
toma spp. (see Annotated Glossary: larvae). 


V.udistama pratulum n sp. 

Dis rnibaios (Fig. 85g. h) 

ly Loc vi tivi Queensland (Heron 1. rubble fauna. 
low water mark, coll. P. Rou Muy 1987, holotype QM 
GHEHA606, Heron L. Blue Pools cubble fauna, coll, PK 
9 11,85. paratype OM G104607). 

Fikimi e Ric owns None, 
Dursc etn 

V'xirgSALI ArviiARANCIH: Colonies ure large (up 
to šem long. 4em wide and about lem thick) firm 
but Heshy and rather irregular sheets. In lile they 
are creamish or 'sage-greep' with'pea-green' zooid« 
(Ridgeway 1880). slightly translucent and with a 
slightly rough rather. than smooth surface, In 
preservative the test is brownish-grev, sometimes 
darker at one end than the other as a result of 
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ihe crowding of minute dack pigment cells. Zooids 
are brownish-ereaim in preservative, the stomach 
brown and the embryos orange. There ure shiny 
brown pigment eelis 0.02 to 0.03mm in the test 
aud lying in the space between the zooid and the 
test, probably released in blood from severed 
vessels. Some while suspension, similar to that 
lound in £udtsroma anaqematum nsp.. isin the 
surface test, and large pools of dark pigment cells 
are in the basal test. Zooids are arranged in circles 
of 3 or 6, 

IN ik NAL StRI'cCTpRI. Zooids are of moderate 
size, about 5mm long in a fairly relaxed condition 
The atrial siphon is often. mueh longer than the 
branchial siphon. The sphincter muscles around 
each aperture are narrow and not conspicuous. 
About [0 to 12 fine longitudinal thoracic muscles 
continue along each side of the ubdomen in several 
hands. Abuut 25 fine circular muscles are on the 
thorax. Branchial tentacles are confined Jo a 
narrow Zone at the hase of the branchial siphon, 
und ure in 3 eircies. Tentacles are not numerous. 
about G larger ones are in the outer circle. 6 
maderate-sized ones in the second circle. and more 
numerous and irregularly distributed smallet ones 
in the anterior circle, Stigmata number 25 in the 
anterior row which curves anteriorly along cach 
side of the inid-dotsal line, but only 18 in the 
posterior raw. 

The gut has the usual suhdivistons found in this 
genus, The oval posterior stomach is well defined, 
Large pyrilorm tests follicles are tucked into the 
pole of the gut loop of specimens cullected in May 
(QM GH4606), ^ single embryo up to 0.75mm 
long is in the atrial cavity of the zooids of this 
specimen, ullhough imature larvae were not 
developed and their structure is not known. 

Ri marss Although these colonies are green. 
sometimes with green zaoids, they are not the same 
opaque shiny green of Eudistoma vlaueuen he 
extensive, fat, irregular translucent colonies with 
a rather rough surface also distinguish them Irom 
E. glaucum and E. muscosum nom. nov, The tatier 
species also has spherical pigment cells about the 
sume diameter as those in the present species, 
However, the larger. crowded. granular-looking 
tan cells of £ onuscosun nom, nov. are nof present 
in L. pratulum. Zooid colour in preservative is 
also dilferent FÉ. muscosun nom, nav has 
brownish-red zooids the present species grecnish- 
cream to brown ones. Eudistoma anaemalum docs 
not have the shiny. spherical cells of the present 
species. Although the larvae of £, pratulum are 
not knowa, large embryos indicate the larval trunk 
vould he at least 075mm long, te. sinular to f. 
Inuscesun WOM, nov, 
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Eudistoma purpureum n.sp. 
(Fig. 86) 

DISTRIBUTION 

Tyrer Locatrtrv Queensland (Wistari Reef, under 
rubble near reef edge, coll. P.Kott 1.11.86, holotype QM 
GH4466; 30.10.86, paratype QM GH4467; Heron L, 
January 1983, paratype QM GH4455). 

FuRirrg RrcoRDS; Queensland (Capricorn Group, 
QM G11972-6 GH4456-65 GH4481 GH4484 GH4491 
GH4561 GH4567 GH4581 GH4585). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are sessile 
cushions, fixed by a flat base, rounded on the 
upper surface, usually 2 to 5cm in diameter and 
up to 2em high. Only occasionally is the colony 
divided into 2 or 3 lobes arising from a common 
base. Living specimens are completely opaque, 
‘indian-purple’ or ‘hyacinth-blue’ (Ridgeway 1886) 
in colour, the surface smooth and shiny. In 
preservative colonics are grey-black to cloudy- 
grey, and sometimes the test becomes translucent 
with darkly pigmented greenish-black zooids 
showing through it. Minute dark pigment cells 
are scattered through the test, but are especially 
concentrated around the zooids, and in the body 
wall. Also small cloudy crowded test cells confer 
a cloudy appearance especially evident in thc upper 
layer of test. 

Four to 6 zooids form circular systems with 
the atrial apertures opening in the centre of the 
circle. Zooid openings are relatively inconspicuous 
on the surfacc and no depressions or other marks 
are on the surface, 

Sand is in the base of the colony and sometimes 
extends up into the centre of the base of the colony, 
but never reaches the uppcr half. Oval faecal pellets 
in varying quantities are in the test, which is 
gelatinous and soft but turgid. 

INTERNAL STRUCTURE: Zooids are about 6mm 
long, and the thorax is relatively wide. The atrial 
siphon is often up to 3 times the length of the 
branchial siphon. Variable concentrations of 
minute dark pigment particles are in the body wall. 
There are about 12 longitudinal thoracic muscles 
and more numerous circular ones. Circular 
muscles are along each siphon. 

In the pharynx is a fairly extensive prestigmatal 
zone, and about 20 stigmata in each row, the most 
ventral ones reducing in length. Dorsal stigmata 
in the anterior row also are reduced in length and 
the row curves anteriorly along the mid-line to 
reach up along each side of the neural ganglion. 

There is the usual long oesophageal neck. The 
smooth-walled stomach is in the posterior end of 
the abdomen, and a long duodenal area, but the 
posterior stomach is not well defined and often 
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the mid-intestinc appears uninterrupted, The 
rectum originates in the pole of the gut loop. The 
gastro-intestinal gland consists of long tubules that 
branch from the main stem of the duct near its 
origin (at the pyloric end of the stomach), and 
extend around the rectum at a level with the 
stomach. 

Gonads are found maturing in specimens 
collected in October and November. Male follicles 
are relatively large and pyriform, and a large ovum 
is at the side of the gut loop. The vas deferens 
is particularly conspicuous, dark-greenish in 
preservative. 

One or 2 embryos are in the atrial cavity of 
specimens collected in late October (QM GH4467), 
November (QM GH4457 GH4466) and January 
(QM GH4455). Larvae arc large, the trunk 1.5mm 
long. with the tail barely reaching to its anterior 
end. Large median ampullae alternate with the 
adhesive organs, and accessory ampullae arise as 
lateral bract-like expansions from the stalk of each 
adhesive organ. Larvae have 3 rows ol stigmata, 
as do those of E. maculosum n.sp. and E. 
purpureum n.sp. Fine ectodermal projections into 
the larval test surround the apertures as in Æ. 
ovatum and other species (see Annotated Glos- 
sary: larvae). 

KrMARKS. Living, the species is distinguished 
by its brilliant, opaque, purplc colour, smooth 
shiny surface and entire (rather than lobed) colony. 
Preserved specimens are distinguished by the 
absence of symbionts (present in E. amplum), 
smooth, round, sessile colonies, absence of any 
red or orange, and dark-greenish zooids. Muscles 
of the atrial and branchial siphons are not 
concentrated into a distinct bulging sphincter as 
in E. angolanum (see above) and sand is only 
sparse in the base of the colonies. 

Tokioka (1967a) assigned specimens from the 
Marianas and Gilbert Is to £. angolanum. These 
specimens are diverse — some have embedded 
sand, others do not; some have vesicles in the 
surface test while others lack them and there are 
from 12 to 20 stigmata and 10 to 30 longitudinal 
muscles. The lack of characteristic siphonal 
sphincter muscles in any of Tokioka's specimens 
suggests these may not be conspecific with E. 
angolanum. The range in all characters recorded 
by Tokioka suggests his material represents more 
than one species. It could include specimens of 
E. purpureum. However, zooids are reported 
yellowish-orange or reddish-brown, the dark 
colour of the vas deferens is not described, and 
larvae have more numerous epidermal ampullae 
than the present species. Thus, at this stage E. 
purpureum cannot be positively regarded as 
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Fic. 86, Eudistoma purpureum n.sp.: a, zooid (paratype QM GH4467), b-f, thoraces showing various positions 
of the atrial siphon (QM G11974), g,h, larvac at successive stages of development (QM GH4457). Scales: 


a-f, Imm; g,h, 0.2mm, 


conspecific with any of the previously recorded 
species of the genus Eudistoma, 

Eudistoma maculosum n.sp. (> E. renieri; Kott, 
1957a) from Cockburn Sound has larvae with the 
same bract-like accessory ectodermal ampullae as 
the present species. However, its larvae are smaller 
and the colonies sheet-like with a distinctive colour 
pattern — although that is not conspicuous in 
the preserved material Eudistoma marianense 
Tokioka 1967a also has similar larvae to those 
of the present species but it appears to lack the 
lateral ampullae. 


Eudistoma pyriforme (Herdman, 1886) 
(Fig. 87a) 
Psammaphlidum pyriforme Herdman, 1886, p. 419. 
Eudistoma pyriforme: Tokioka, 1950, p. 120. Not Kott 


1957a, p. 75 (> Eudistoma sabulosum n.sp.), 1972b 
(> E aureum n.sp.), 1976, p. 58 (> Eudistoma 
sabulosum n.sp. and E. maculosum n.sp.) 


DISTRIBUTION 
New ReEconps: Queensland (Bargara, QM GH4552). 
Previous_y ReEconprp: Queensland (Torres Strait 
- Herdman 1886), Palau Is (Tokioka 1950), 


DESCRIPTION 

EXTERNAI APPEARANCE; The colony has rather 
irregular, rounded to flat-topped lobes joined to 
common basal test. They are up to 2cm high, one 
to 2cm in diameter on the upper free surface, and 
they taper slightly toward the base. The test is 
packed with sand which obscures the circular 
systems, each of about 6 zooids, opening on the 
upper surface of the head. Zooids are white in 
preservative. 
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Fic. 87, Eudistoma pyriforme (QM GH4552): a. colony. Eudistoma reginum n.sp.: b, view of surface showing 
branchial apertures surrounding cloacal depression and vesicles in the test (QM G1 1951): c. zooid (QM GH4489), 
d, dorsal view of abdomen (OM GH4489): e. larva (QM GH44R9), Scales: a, Smm: b, Imm; ed. 0.5mm; 
e, 0.2mm. 


[INTERNAL APPEARANCE Zooids are relatively 
small. about 2.5mm when contracted, They have 
510 10 widely separated longitudinal muscle bands 
on the thorax, and these continue along the 
abdomen in a single wide band on each side. The 
atrial siphon is longer than the branchial siphon. 

The gut has the usual rounded stomach. long 
duodenal area, and large oval posterior stomach. 
In contracted zooids, the intestine makes a 
horizontal loop across the abdomen behind the 
stomach, 


There are no embryos in the newly recorded 
specimen (collected in May), 


REMARKS: The present species is distinguished 
{rom other sandy species by its separate Jobes. 
rather than flat, investing colonies. 1t resembles 
E. glohosun to some extent however, in the 
latter species, zooids are more erowded, are nol 
in circles, colony lobes are more rounded than 
flat-topped. and the surface test over the head of 
the colony is always free of sand. 
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Eudistoma reginum n.sp. 
(Fig. 87h-c. Plate 16e.f) 
? Eudistoma amplum: Millar, 1975, p. 219 (part, 
specimen from Toeal with eloacal cavity). 
DISTRIBU EON 

Type Locarity: Queensland (Heron 1L, on underside 
of rubble behind reef edge LWM, coll. P.Kott March 
1975, holotype QM GIt948: Heron L, coll. P.Kott 
September 1976, paratype QM G11950; Wistari Reef, 
coll. P.Kott July 1976, paratype QM G11949; Tryon 
Reef, coll. P.Kott September 1975, paratype QM 
G11951). 

Fortier Rrcogps: Queensland (Capricorn Group, 
QM G11969 GH888 GH4447 51 GH4485 90 GH4492 
GH4522 6 GH4580 GH4586; Lizard 1., QM G11966). 
DESCRIPTION 

Externat Appearanci In life the colonies are 
‘aster purple’ (Ridgeway 1886) and form smooth- 
surfaced cushions to sheets from about 3 up to 
20cm (QM GH4524) in maximum extent and from 
0.5 to about 2cm thiek. Preserved they are 
brownish-orange, hard, flat and rather leathery. 
The preservative is stained a bright orange. The 
border ol the colony is rounded and slightly raised 
above the upper Surface. Sand is in the base of 
the test and in patches throughout, sometimes just 
beneath the upper surface. In some colonies à 
sandv border around each system is seen through 
the reddish-purple test. Occasionally sand grains 
are crowded. Small spindle-shaped dark pigment 
cells in the test immediately surround the zooids. 
Large (0.3mm diameter) vesicles are present at all 
levels through the test, particularly conspicuous 
(but never crowded together) in the upper surface 
between zooid openings. Thcy contain crystalline 
material. Small. tan, soft-looking. opaque. 
pigment cells are crowded between the large 
vesicles. Oval faecal pellets are also in the test. 

About 7 or 8 zooids are in each circular system. 
The systems are about 3mm in diameter. Most 
of the atrial apertures are close together around 
the edge of a depression in the centre of each 
system. Others open in the centre of the depression, 
and are not associated with its rim. The 3 anterior 
lobes of those atrial apertures around the edge 
of the depression arc inserted into corresponding 
lobes of the test around the rim which projects 
inwards, over the depression. to form a lobed 
cloacal aperture over a rudimentary cloacal cavity. 

INiFRNAI SrRUCTURIS. Flecks of orange pig- 
ment in the body wall of zooids and emhryos 
colour them orange. Zooids are robust but 
relatively short (about 4mm long contracted) and 
narrow with strong musculature consisting of 
about 20 longitudinal hands on the thorax. 
Circular muscles are morc numerous forming an 
almost continuous coat. Circular muscles on the 
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siphons are strong, evenly spaced along the length 
of the siphon, and not gathered into a distinct 
band. The posterior end of the abdomen often 
is found bent up sharply against the anterior part 
of the zooid. 

Stigmata are about 16 in each row, but are 
dillicult to count. The stomach is small and 
smooth, the duodenal area long. A large, oval, 
posterior stomach, separated from the rectum by 
a short constriction in the pole of thc gut loop 
occupies most of the mid-intestine. Thin-walled 
terminal ampullae of the gastro-intcstinal gland 
surround the rectum and duodenum in many 
specimens. 

Gonads are a mass of pyriform follicles, with 
a large egg on the left side of the gut loop. Two 
or 3 embryos arc in the atrial cavity ol specimens 
collected in October and Novemher (QM GH4448 
GH4450). However, maturing gonads occur in 
May (QM GH888). Thus, it is possible there are 
two breeding seasons. 

The larval trunk is Imm long with a short tail. 
barely reaching the anterior end of the trunk. 
Larvac are unusual in having patches of brown 
pigment in the posterior horns of the haemocoel 
— one on each side of the base ol the tail, and 
in thc stalks of the adhesive organs. Ampullae 
are only in the mid-line between the adhesive 
organs, one between the 2 upper ones and 2 
hetween the 2 lower ones. 

Remarks: Like others in the angolanum group, 
E. reginum has large vesicles in the test containing 
crystalline material, circular systems with a 
shallow, rudimentary cloacal cavity, anterior lobes 
of the atrial apertures inserted into the test around 
the perimeter ol the cloacal cavity and folding 
inwards to form a rudimentary cloacal aperture, 
and unusual brown pigmentation in the larval 
haemocoel. 

lhe species has much smaller cloacal systems, 
shorter siphons, usually less sand in the test, and 
shorter larval trunk than Eudistoma carnosum 
n.sp. Eudistoma angolanum has a red test packed 
with embedded sand, 7ooids with long, snake-like 
atrial siphons with a hulging sphincter muscle, and 
larvae with numerous lateral ampullae. Eudistoma 
multiperforatum (Sluiter, 1909) has tough 
investing colonies with red test. sand embedded 
in the hasal half of the colony and preserved 
colonies resembling those of the present species; 
but its zooids are not arranged in circles, and thc 
atrial siphons are short (see ZMA TU809.1, 
'TU809.2). 

Eudistoma muscosum nom. nov. also has dark 
pigment in the posterior horns of the haemocoel 
but lacks the cloacal cavities in the test. 
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Eudistoma sabulosum n.sp. 
(Fig. 88. Plate 16g) 

Eudistoma pyriforme: Kott, 19572, p. 75 (part, specimens 
from Port Noarlunga): 1976, p. 58 (part, specimen 
from Western Port). 

DisiRIBUTION 
Type LocArirv: South Australia (Topgallant L, Sm, 

coll. N. Holmes 29.3.82, holotype QM GH937; Ward 

l.. l-5m, coll. N. Holmes 31.3.82. paratype QM 

GH4591). 

FurtHerR Rrcomgps: South Australia (St, Vincent 
Gulf, QM GH4588). Victoria (off Lakes Entrance QM 
GH4587; Bass Strait. MV F54583, QM G11864 GH4589; 
Western Port, MV F53405, QM GH4590). 

Previousty Recorpvev: South Australian (St. 
Vincent Gulf AM Kott 1957a). Victoria (Western 
Port MV Kott 1976). 


DESCRIPTION 

EXTERNAL APPEARANCE: Colonies are sessile 
rounded to irregularly-shaped cushions with 
rounded borders, up to 4cm in diameter and 2cm 
thick. Colonies are solid. The test, especially in 
the outer layers, is packed with sand which 
dominates the colour of the colony. The upper 
surface, subdivided into protuberant, rounded 
swellings, resembles a cauliflower. Zooids are in 
circular systems, about 5 per system. The atrial 
apertures in the centre of the circle open onto 
slight conical elevations. The branchial apertures 
are in depressions around the base of these 
elevations. 

Between the sand, the test is colourless in 
preserved specimens. Abdomina of the crowded 
zooids criss-cross one another, but thoraces lie 
parallel, with only thin layers of test separating 
them. Thus, when the zooids are contracted, the 
upper layer of the colony has a rather loose 
consistency. The crowded sand makes the test 
hard, cnclosing rigid compartments that contain 
the zooids. 

INTERNAL STRUCTURE: Zooids are relatively 
small and muscular. Short and inconspicuous 
sphincters are around the apertures. The atrial 
siphon is longer than the branchial siphon. There 
are about 30 longitudinal thoracic muscles and 
an almost continuous layer of circular muscles. 
Stigmata are only 8 to 10 per row. The gut has 
the usual smooth, round stomach, long duodenal 
area, and oval posterior stomach. In contracted 
individuals, the intestine forms an S-bend or 
horizontal loop just posterior to the level of the 
stomach. Sometimes the whole posterior end of 
the abdomen is bent up against thc zooids. Up 
to 6 embryos are in the atrial cavity of specimens 
collected in January (Kott 1957a). The larvae are 
small, the trunk being 0.5mm long. The tail is 
wound three-quarters of the way around it. 
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Fic. 88, Eudistoma sabulosum, n.sp.: a, section through 
colony showing arrangement of zooids (holotype QM 
GH937); b, thorax (QM G11864); c, larva, dorsal view 
(QM GH4588). Scales: a, 2mm; b, 0.5mm; c, 0.1mm. 


Adhesive organs have long, narrow stalks. There 
are 2 pairs of long lateral ectodermal ampullae, 
and unpaired ampullae dorsal and ventral to the 
adhesive organs in the mid-line, but no median 
ampullae alternating with adhesive organs. 

Remarks: The species is distinguished from the 
tropical Eudistoma ovatum by its irregular, 
cauliflower-like upper surface, the slight conical 
elevations supporting the atrial apertures above 
the surface of the colony, and its smaller zooids 
with only about 10 stigmata. Zooids of both 
species contract in much the same way, with, in 
extreme cases, the abdomen folded up against the 
rest of the zooid. Larvae of both species are small, 
although the tropical E. ovatum has median as 
well as lateral ampullae, while the present species 
lacks the median ampullae that alternate with the 
adhesive organs. 

Eudistoma constrictum n.sp., another sandy 
species from temperate Australian waters, lacks 
the circular systems of the present species and has 
a much larger larva. 


Eudistoma superlatum n.sp. 
(Fig. 89) 
DISTRIBUTION 
Tyree Locatrry: Western Australia (Shark Bay nr. 
South Passage, 10-15m, coll, L. Marsh 8.4.79, holotype 
WAM 822.83 QM GH2136; Abrolhos Is, Easter Group, 
coll. P. McMillan 16.5.63, paratype WAM 189.75). 
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Frigrarg Rrcogpos: Western Australia (Montebello 
Is, WAM 770.83; ? Port Hedland, WAM 769.83; 
Houtman's Abrolhos, WAM 768.83). 

Dir SCRIPTION 

FxtLRNAL Appearance: The holotype colony 
is massive and fleshy, Scm long, 6cm wide at the 
hase, and 6cm high. It is fixed to the substrate 
by the whole of the base. The upper part is divided 
into 10 lobes, each lobe oval in section. No zooid 
systems are formed. The test is lirm and gelatinous. 
more or less Opaque and crowded with cloudy 
cells that are pinkish-bcige in preservative. Zooids 
are crowded, pink in preservative. and both 
openings are in inconspicuous circular areas of 
thin test all over the outer surface of the lobes 
and the sides of basal half of the colony. The outer 
surface of the colony is completely naked, and 
although faecal pellets are emhedded in the test, 
there is no sand, The paratype colony is a single 
oval head about 5em long und 4cm in diameter 
with a short, thick fleshy stalk. 

INTERNAL StrecrurRe. Zoatds are up to ahout 
2cm long. They ure slender und have a long. 
delicate, posterior abdominal vascular extension. 
When contracted the gut ts folded up into a wide 
loop that projects Irom the side of the abdomen. 
However, in extended zovids there is the usual 
long ocsophageal neck. Both apertures are at the 
anterior end of the zooid. The atrial opening is 
sometimes on a long siphon, but the branchial 
aperture is almost sessile. About 20 fine longi- 
tudinal muscle bands arc on each side of the 
thorax. These continue along the ahdomen in 
ahout 3 wide bands which converge into a small, 
pointed projection on each side of the base ol 
the muscle-[ree vascular stolon. About 40 fine, 
transverse muscles on the thorax, form a fine mesh 
with the longitudinal muscles, 

The branchial tentacles are in at least 3 rows. 
The prestigmatal area of the pharynx is only 
shallow. The anterior row, which inclines forwards 
along cach side of the mid-dorsal line has 34 long 
stigmata, 26 in the middle row. and about 24 in 
the posterior row. The small, smooth stomach, 
long duodenal area, and oval posterior stomach 
are all in the posterior end of the abdomen as 
is usual for the genus. 

No gonads were detected in the holotype, 
although they are present in the gut loop in the 
paratvpe, which also has a single embrvo in the 
atrial cavity — protruding slightly fram it in these 
contracted specimens. The delicate and long, 
posterior vascular stolon in this species may be 
associated with the large size of the colony. 

Remarks Although Eudistoma contains 
species with extensive shect-like colonies, it has 
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Fic. 89, Eudistoma superlatum n.sp.: a, colony (holotype 
WAM 822,83); b-e, zonids (holotype QM GH2136); 
f. first row of stigmata on left side. Scales: a. Icm: 
b-e, Imm; f, 0.5mm. 
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few species with massive, bulky und fleshy lohed 
colonies like thc present species. In this, the species 
resembles Sigillina spp. and. Pseudodistoma spp. 
Stgillina farniasiana and S. nigra resemble the 
presen! species in lacking the usual sigillinid 
muscle fibres and epicardial extension respectively 
ou and in the vascular stolon, However, 700ids 
al the present species ore smaller than those of 
Sigillina spp.. and they have the longer oesopha- 
geal neck of Eudistoma, Vhe heart is at the 
posterior end of the abdomen, rather than in the 
posterior abdominal extension as it is In Pyen- 
dodistoma. Eudistoma glaucum is the only other 
known species of Eudistoma with a long vascular 
stolon, although it is not as long as in the present 
species. 

The regular arrangement. al. zooids, without 
circular systems. resembles that of the stalked 
species Eudistoma globosum and FE. elongatum 
and a [ew sandy species (E. constrictum n, sp. and 
E. microlarvunm n.sp.). 

This large, fleshy colony, with its characteris- 
tically eudistomid 7ooids and long, delicate 
vascular stolon, is readily distinguished Irom other 
species of the genus. 

The eolony from Port Hedland recorded above 
is long and rope-like, and although its zooids seem 
to be the same as the type material, they are badly 
mutilated and the identification. needs 
confirmation, 


Eudistoma tigrum n.sp. 
(Fig. 90) 
Fucdixtoma rigida: Kott, 1951. p. 151. 


Disi gini aN 

Torr Loci try. Queensland (Heron L, cubbte fauna. 
coil. P,Kott, August 1975, holotype QM G 11941: Wistari 
Reef, low water mark, rubble zone, coll. P Kote August 
1975, paratypes QM G11942 4; Wistar: Reel, coll, 
P Kont 6.4.82, paratype QM GH1402. 

Frater Rrcogps: Western Austialia (Hontman's 
Abrolhos. QM GH2135, WAM $39.83). Queensland 
1 Hervey Bay, QM GH4559 60; Capricorn Group, QM 
G11943 GH1354 GH1362 GH4518 9). Fip (Rott 1981]. 
DiscgimiON 

Exteknat Apprsranct- Firm, gelatinuus 
colonies are circular, oval or slightly icregulac 
cushions or sheets. up to Scm long and from 0.5 
ta [Sem thick, with à smooth, sand-tree surface. 
They arc fixed by the whole of the hasal surface. 

In hle morc or less cireulsa patches of black 
or 'gallstone-vellow" (Ridgeway 1886) pigment aic 
in the surface test. These patebes, up to about 
0.5em in diameter, are separated by broad (about 
2 tu 3mm wide) areas of grey or white test. In 
preservative Ihe whihsh areas become. reddish- 
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brown. rust coloured or brownish-yellow, the 
pigment contained in spherical pigment cells 0.02 
to 0.03mm in diameter, The darker pigment, 
contained in. irregularly. shaped cells. fades m 
Preservative and the patches thal were darkly 
pigmented in fife become translucent. The colour 
pattern is confined to the surface tesi, and the 
remuinder of the test is cloudy and translucent. 
A little sand is embedded in the hasal test; hii 
absent clsewhere. Faecal pellets are in the cest, 

Zootds are in circular systems ol $ or 6 zoos. 
The systems are independent of the pigment 
patches, and are about 2min in diameter, 1n freshly 
preserved zoids the stomach and the proximal 
part of the Intestine are green. 

INirRNAL Sikrcitige Zaoids are robnst, but 
only about 4mm when contracted, and up to 85mm 
when extended. Strong circular muscles surround 
each siphon, The atrial siphon is often long, about 
3 times the length of the branchial siphon. About 
20 longitudinal muscles. are on the thorax, 
extending anto the sdbomen in 2 or more binds, 
Phe inner layer of circular muscles ou the thorax 
is thin, hut forms an almost continuous coat of 
atleast 25 bands. Branchial tentacles are in 3 eireles 
of ahout 12 or more. Only u daily shallow 
unperforated. area of pharynx is anterior to Ihe 
stigmata, Stigmata are [8 in the posterior row, 
22 m the next row, and about 24 in the anterior 
row (which inclines forwards along each side of 
the mid-dorsal line). 

Phere is the usual small smooth-walled stomach 
in the posterior end of the abdomen. A long almost 
elliptieal posterior stomach is in the posterior end 
of the descending limb of the gut luap. Long 
tubules af tlie gastric gland extend anteriorly along 
the ascending limb of the gut loop, level with the 
duodenal arca. and a mass of vesicles surrounds 
the duodenal area. 

One or 2 relatively large embryos are in the 
atrial cavity of specimens collected in March (QM 
G11943), but not in July or August. The larval 
trunk is 0.75mm long, and the broad tail curves 
up across Ihe telt side ol the anterior end of the 
trunk at the hase of the ampullae, and then 
vontutues posteriorly along the mid-dorsal line, 
reaching th ahout three quarters ol the distance 
tlong the dorsal border Large median ectodermal 
ampullae alternate with the 3 stalked adhesive 
organs in |he anterior mid-line [he stalks of the 
adhesive organs are thin, but not long. and there 
is i cureular knob of adhesive cells in a shallow 
epidermal cup. 

Rinanks: The pigment pattern in this species 
resemhles that of E, maculosum nsp which ts 
distinguished by its larger larva with bract-like 
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Fic. 90, Eudistoma tigrum, asp. a, colony (QM G11943): b, arrangement ol zeoids, showing circles of small 
atrial openings in the cemre of irregular circles af the larger branchial openings (QM GH1354); ed, zooids, 
showing various positions of atrial siphon (QM GI1942 GHI354); e. larva (QM G11943). Scales; a. lem: 


b. 2mm; ed, 0.5mm: e, 0.2mm. 


ectodermal ampullae that emhrace the base of each 
adhesive organ and the long, enlarged platforms 
of adhesive cells. The pigment pattern is less 
conspicuous in preserved material, although large 
dark pigment cells and smaller tan ones persist 
for a long time in preservative. Eudistoma 
muscasum nom. nov. has a regular eushion-like 
colony, brownish-red zooids with a large spherical 
mass of male follicles, spherical brown-red 
pigment cells (0.03 to 0.04mm in diameter) and 
a larger larva (trunk Imm long) than the present 
species. Eudistoma purpureum n.sp., also has 
rounded cushion-like colonies rather than the 
more extensive sheets of the present species, a dark 
vas deferens, and its larvae (trunk 1.5mm long) 
ure larger than those of the present species. 

Larvae, with their broad tails curving around 
on the left side of the larval trunk, resemble those 
ol Æ. gilhoviride, although the ampullae are 
different. 

Colonies, zooids and larvae of specimens from 
Fiji assigned to £. rigida by Kott (1981) are 
identical with the present species, Specimens from 
French Polynesia provisionally assigned to Æ. 


rigidum by Monniot and Monniot (1987) have 
smaller colonies and smaller larvae (less than 
0.5mm) and do not appear to be the same as the 
Fijian or Australian material, 


Eudistoma tumidum n.sp. 
(Fig. 91) 
Eudistoma ovatum Kon, 1972¢, p. 43 (parl, specimen 
from St. 27). 


DISTRIBUTION 

Tyee Locariy: Gull of Carpentaria, 16752,7'8, 
140°56.2'E, Station 27 CSIRO Prawn Survey, 5.8.1963, 
holoiype, AM Y 1068, 
DESCRIPTION 

ENItRNAt APPrARANCI- The single colony 
available is more or less dome-shaped. about 6em 
in diameter, consisting ol a number of lobes of 
one Lo 2cm diameter arising from à common basal 
test mass. Although the preserved specimen is 
distorted and hardened and the rounded lobes of 
the upper surface are flattened, in life they 
probably were rounded and when inflated the 
colony probably appeared us an entire hemispher- 
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ical mass, its separation into discrete lohes 
becoming obscured. The preserved specimen is 
grey and colourless, without sand, either on the 
surface or embedded on the test. However. the 
centre of each lobe, and of the colony, is packed 
with faecal pcllets. Zooids are crowded and open 
all around the surface ol the lobes. The arran- 
gement of zooids could not be determined in this 
distorted specimen. However, the long atrial 
siphon suggests that they are arranged in circles 
with the atrial apertures in the centre of each circle. 

INTERNAL STRUCTURE. Zooids are rohust. 
Contracted thoraces are only about Imm long but 
they are also relatively thick. About 20 longitud- 
inal muscle bands on the thorax continue along 
the ventral border of the abdomen. On the thorax 
the longitudinal hands overlie ahout 30 distinct 
bands of transverse muscle. There are 3 rows of 
branchial tentacles, those in the posterior row 
being relatively long. The dorsal end of the lirst 
row of stigmata inclines anteriorly along each sidc 
of the dorsal mid-line. There are at least 20 
stigmata in thc anterior row, but these could not 
bc counted accurately. Thc longitudinal muscle 
bands continue along each side of the long 
abdomen, which has the usual smooth eudistomid 
stomach at its posterior end. The male and female 
gonads are in their usual position in the posterior 
end of the gut loop. 

This specimen, collected in August, has up to 
4 developing embryos in the peribranchial cavity. 
The larval trunk is 0.5mm long, and the tail is 
wound almost three-quarters of the way around 
it. A large cerebral vesicle has an otolith, and an 
ocellus with conspicuous lens cells. Adhesive 
organs are relatively small, each with an axial cone 
in its epidermal cup at the end of a long. slender 
stalk. Each of 4 long. pointed lateral ectodermal 
ampullae on each side of the anterior end ol the 
trunk has a parietal branch from its base. Thc 
parietal branches also come to a point antcriorly 
but are rounded posteriorly. There are no median 
ampullae. 

Remarks: The species is characterised by its 
naked, lobed colony with the zooids in circles, 
and by its larvae with parietal lobes at the base 
ol the exclusively lateral ampullae. 

Eudistoma laysani also has naked, lobed 
colonies with crowded zooids, but the lobes are 
smaller, zooids are not in systems, and both zooids 
and larvae are smaller than those of the present 
species. Eudistoma gilboviride also has lobed 
colonies and separate transverse muscle bands 
rather than a continuous coat. However, the lobes 
of E. gilboviride are top-shaped, its pigmentation 
is conspicuous and persists for a long time in 


Fic. 91, Eudistoma tumidum n.sp. (holotype AM 
Y 1068): a, colony; b, thorax showing muscles; c. larva. 
Scales: a, lem: b.c, 0.1mm. 


alcohol, its zooids arc not crowded, and larvae 
are much larger than those of the present species 
and lack thc parietal lobes at the base of thc lateral 
ampullac. 

Although both zooids and larvae arc similar, 
Kott(1972e) was in error in assigning this specimen 
to E. ovatum. The latter species has extensive, 
smooth-surlaced colonies without lobes, and with 
embedded sand. Its larvae differ in that, although 
there are 2 lateral ampullae with parietal branches 
on each side, the dorsal and ventral ampullae are 
median (albeit with a parietal branch on each side) 
and the tail is slightly shorter than that of the 
present species. 

The lectotype (ZMA TU1268) of Eudistoma 
segmentatum (Sluiter, 1909) also has thc centre 
of cach lobe of the colony packed with laecal 
pellets. However, zooids open at the (ree ends of 
long cylindrical stalks (rather than around convex 
sessile lobcs arising from the common hasal test, 
the thoracic transverse musculature is in à 
continuous coat (rather than in separate bands 
forming an open mesh with the longitudinal 
muscles), and both atrial and branchial siphons 
are short (in the present species the atrial siphon 
is long). 


Genus Exostoma n.gen. 
Type species: Polvcitor ianthinus Sluiter. 1909. 


The genus is monotypic. It has 6-lobed branchial 
and atrial apertures, on well developed muscular 
siphons. The atrial siphon is posteriorly positi- 
oned. and opens into an extensive cloacal cavity. 
Longitudinal muscle hands extend from the thorax 
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along the abdomen in a band cach side of the 
ventral line. A conspicuous layer of transverse 
thoracic muscles lies beneath the longitudinal 
bands. There are 3 rows of stigmata without 
parastigmutie vessels. The oesophageal neck is 
Jong, and the smooth stomach ts in the posterior 
part of the long ahdomen. Only short vascular 
processes arise from the posterior end of the 
abdomen. 

Although Sluiter (1909) did not record the 
presence of a cloacal chamber in his description 
ot Polrcitor ianthinus, bis figure (pl VIN, fig. 
3) clearly shows the aperture at the top of the 
colony. 

In its extensive cloaval cavity, posteriorly 
positioned 6-lohed atrial siphon, and 3 rows of 
stigmata the genus resembles species in //vpodis- 
toma. However, 200ids of the new genus arc 
characteristic o] the Polycitoridae rather than the 
Holozaidae, being long. with a long oesophageal 
neck, short vascular processes. and brooding their 
embryos in the atrial cavity (rather than in a brood 
pouch). The 3 larval adhesive organs are in the 
median line and have a wide flat-topped tuft of 
axial columnar cells in a deep epidermal cup. as 
in Eudistoma. 

The genus Hypodisroma Tokioka, 1967a, 
delined by its type species Distoma deerratum 
Sluiter, 1895 from northern Australia. is a genus 
of the Holozoidae (related to .Sigil/ina) which 
includes Z} vasta (Millar, 1962) from South 
Africa, However. Hypudistoma vastum: Tokioka. 
1967a from the Palau Is is a junior synonym nf 
Polveitor ianthinus the type species of the 
prescat new genus, Exostonta. 

It seems the presence ol a cloacal cavity. a 
unique fenturc in the Polycitoridae, is a devel- 
opment in parallel with the development ol à 
similar colony {orm in the Holozoidae, and the 
similar position of the atrial siphon is a convergent 
adaptation associated with the presence of the 
extensive cloacal cavity. Phylogenetically, the new 
genus. appears most closely related to Eudistonta, 
with its long oesophageal neek, 3 rows of stigmata 
and conspicuous transverse thoracic muscle bands 
beneath the Jongitidinal bands, 

The only known species has a tropical western 
Pucitic range. 


Exostoma ianthinum (Slniter (909) 
(Fig. 92) 
Polycitor lanthinus Sluiter. 1909, p. 20. Van Name 1918, 
p. 135. 
Hypinlisioma tuntinaum: Millar, 1975, p. 217, 
Y l'olycitor torosus Shiter, 1909 p. IX, 
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Hypudistama vasan: Tokioka., 19672, p. 126, ' 


Nishikawa, 1984, p. 121 
Not Nigillina vaste Millar, 1962, p. 153. 


DisruinU TION 


Niw Recosps; New Guinea (Matupore | QM 
GU235). Philippines JOM GH495). 
Previousty Rrcospeis Indonesia (Sluitei 1909 


Millar 1975). Philippines (Van Name 1918). Palau ts 
(Tokioka 19672). 

‘The species has aot yet been recorded trom Australia. 
although its occurrence off Port Moresby is not far 
removed from the north eastern Australian continental 
shelf and probably it occurs there. It wus taken in sea 
grass beds at Motupore l, and has been recorded down 
to [50m (Van Name 1918). 


Description 

Exitisar Aperarance The colony varies 
from an irregular cushion up to Jem thick. fixed 
by a large part of its base, and with 3 or 4 large 
common cloacal openings on the upper surface, 
to an upright cone with a single large terminal 
cloacal aperture. The test is firm. although the 
outer layer is separated Irom the inner core by 
the extensive interconnecting cloacal spaces that 
are 2 10 3mm below the surface, The surlace ol 
the colony has wide rounded ridges und swellings 
that ate generally oriented. along radii thut 
converge toward the cloacal apertures. “Vhe 
branchial apertures of the zooids open in the 
depressions between these ridges and swellings. 
In preservative colonies are always a dark 
purplish-hrown colour. 

INTERNAL SrRUCTURCE: Contracted zooids are 
about lem long, the greater part of their length 
being the long polycitorid oesophageal neck. The 
6-lobed branchial aperture is terminal. There is 
u relatively long atrial siphon from the postero- 
dorsal corner of the thorax, and in relaxed zooids 
M Is directed posteriorly. Although in contracted 
zanids il is often found directed anteriorly, this 
could result from the contraction of the zooids 
und their withdrawal from the surface of the 
colony, Zooids are in crowded groups curving 
uctoss the top and around the sides of the cloacal 
spaces beneath the surface of the colony. Their 
6-lobed atrial apertures on the end of the long 
siphons open into the roof or outer wall ol the 
cloacal cavities. 

Ihe body museulature consists ol numerous, 
bul finc. longitudinal and transverse bands. 
Longitudinal muscles extend down the branchial 
siphon in 6 groups, one corresponding to each 
lobe around the rim of the aperture. About 20 
longitudinal bands are on each side ol the thoras. 
These continue as a pair of wide bands along the 
length ol the abdomen, one each side of the mid- 
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ventral linc. Sphineters surround each of the 
apertures and the anterior part of the pharvnx 
in front of the perforated area. About 30 circular 
muscles are fairly evenly spaced along the whole 
length of the thorax, Other circular and longi- 
tudinal bands extend along the whole length of 
the long atrial siphon. 

At the base of the branchial siphon are 3 
particularly robust tentacles, one on each side and 
one in the mid-ventral line. These alternate with 
2 smaller tentacles in a circle slightly anterior to 
the larger ones. Rudimentary tentacles alternate 
with the larger sizes. The opening of the neural 


duct is directed forwards. The pointed dorsal 
languets are found slightly to the left af the dorsal 
mid-line, An extensive unperforated part of the 
pharyngeal wall exists anterior. and another 
posterior, to the perforated area which has 3 rows, 
each of 20 long stigmata, 

The ocsophagus is long. the smooth shield- 
shaped stomach is in the posterior end of the 
abdomen. The duodenal area is fairly long, and 
is sharply constricted from an oval posterior 
stomach. (he narrow mid-intestine curves around 
in the pole ol the gut loop. It enters the rectum 
at the proximal end of the descending limb. There 


Fic 92, Exostoma ianthinum n.gen. (QM GH235); a, colony; b, section through colony showing branchial openings 
of zooids into surface depressions, and long atrial siphons opening into cloacal canals; c, thorax: d. abdomen; 


e, larva. Scales; a, Im; b, 2mm; c,d, 0. 5mm; e. 0.2mm, 
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is a branched gastro-intestinal gland, but no 
reservoir. 

The male gonad consists of a clump of almost 
spherical follicles on the right sidc of the gut loop 
in the vicinity of the stomach. A group of up to 
3 large eggs arc on thc outside of the male follicles. 
A single ovum is incubated in the right peribran- 
chial cavity anterior to the atrial siphon, Emhryos 
are in the atrial cavity of the New Guinea specimen 
(collected in November). In the Philippine 
specimen, collected in July. tailed larvae are 
present, The larval trunk is 0.8mm long and thc 
tail relatively short, being wound only half-way 
around the trunk. The 3 large adhcsive organs, 
on short, thick stalks, are in the median line and 
altcrnate with paired ectodermal ampullae. The 
oozooid has 2 rows of stigmata. 

Only short, inconspicuous vascular appendages 
are at the posterior end of each zooid. 

Remarks: Although the colony and to somc 
extent zooids of this species resemble those of 
Hypodistoma, the zooids differ in having a long 
ocsophageal neck, a small cudistomid-shaped 
stomach, and short, inconspicuous vascular 
appendage; and lacking a stalked brood pouch. 
Zooids are characteristic of the Polycitoridae. The 
species differs from Eudistoma spp. in having 
extensive cloacal systems. 

Further, larvae resemble those of certain 
Eudistoma spp. (see E. maculosum n.sp.) with 
large adhesive organs on short, thick stalks. 

Hypodistoma vastum; Nishikawa, 1984 from 
the western Pacific may be a synonym of the 
present species. Nishikawa (1984) believed it to 
be conspecific with H. vastum: Tokioka, 1967b, 
and with H. ianthinum: Millar, 1975, which are 
both synonyms of Exosroma ianthinum. However, 
he also included Hypodistoma vastum (Millar, 
1962) in his synonymy. Since the latter species 
is a member of a different family and genus, its 
inclusion amongst the synonyms of Nishikawa’s 
specimen raises doubts as to the identify of that 
specimen, 

Polycitor torosus Sluiter, 1909, appcars a 
cushion-like specimen of the present species. 
Although Sluiter regarded the gut loop as 
relatively short, this was probably only apparent, 
owing to the contraction of the abdomen, for 
relaxed zooids are reported about the same length 
as those of the present species. 


Genus Brevicollus n.gen. 
Type species: Brevicollus tuberatus n.gen. n.sp. 


The genus is characterised by its relatively short, 
emhedded zooids with separately opening 6-lobed 
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apertures, 5 rows of stigmata, each row crossed 
by a parastigmatic vessel, and a short oesophageal 
neck. The stomach wall has longitudinal folds. 
Gonads, present in the end of thc gut loop, consist 
of relatively large and numerous pyriform male 
follicles and a 5- or 6-egg ovary, Numerous (up 
to 12) embryos are brooded in the atrial cavity, 
The proximal part of the oviduct runs aconvoluted 
course over the surface of the ovary. The body 
musculature consists of longitudinal bands that 
exchange fibres with one another to form a 
meshwork over the sides of the thorax before 
extending down the length of the abdomen, There 
are no transverse or oblique muscles. 

The 3 deep, tulip-shaped, sessile larval adhesive 
organs in the anterior mid-line of the trunk are 
unique. These are surrounded by numerous 
ectodermal ampullae that project from the anterior 
end of the trunk. Also fine thread-like extensions 
from the cctodermal cells expand into tear-shaped 
vesicles at the surface of the test as in species of 
Sigillina, Polycitor and Eudistoma (see Annotated 
Glossary: larvae). 

Polydistoma, a new genus ol thc Holozoidae 
also with 5 rows of stigmata, is distinguished from 
Brevicollus by its holozoid vascular stolon and 
brood pouch. The two known species of Poly- 
distoma lack parastigmatic vesscls, although these 
are in other holozoid genera ( Distaplia, Hypsis- 
tozoa and Neodistoma). ln view of other differ- 
ences, the prescnce of parastigmatic vesscls in 
Brevicollus rather than being indicative of 
common ancestry with the Holozoidae, probably 
is due to convergence, as there is no other evidence 
of any phylogenetic relationship. 

Brevicollus has been assigned to the Polycito- 
ridae because of its short vascular appendages. 
separately opening zooids, and absence of a 
posterior abdomen with gonads. However, it has 
some characters that arc not shared with poly- 
citorids, viz. a relatively large thorax, parastig- 
matic vessels in the branchial sac, a short 
oesophageal neck and a large number of embryos. 
Further, although the larval adhesive organs arc 
in the anterior mid-line these sessile, tulip-shaped 
organs are unique. It is possible these anomalous 
characters are secondary adaptations that would 
not preclude a relationship with the Polycitoridae. 
The convolutions of the vas defcrens could be 
associated with a secondary shortening of the 
abdomen. Another alternative for Brevicollus is 
an affinity with euherdmaniinid genera, since it 
differs from Ritterella only in its larva, convoluted 
vas deferens and lack of a posterior abdomen 
containing the gonads. 

Thus, although, at present the genus is classified 
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in the Polycitoridae on the basis of separately 
opening apertures. and lack of a posterior 
abdomen and long vascular stolan, it 1s possible 
the phylogeny of this new genus would be more 
accurately represented by an independent status 
reflecting a relationship with Risterella. 

This monotypic genus is at present known only 
from 2 specimens, one from each of two locations 
in southern Australia. 


Brevicollus tuberatus n.sp. 
(Fig, 93. Plate 16h) 

DISTRIB TION 

Tyre Loc actiy: South. Australia (The Gap. 15 20m, 
coll. N. Holmes and S. Shepherd 9.4.87, holotype SAM 
1:2059 ỌM GH4AISS). Victoria (Gabo l., 10 15m, coll. 
J. Watson 14.5.70, paratype MV F45284 QM GH4952). 
LbvgRIHER Ricoros None. 

DESCRIPTION 

ExI1 RNAL Appearance: The holotype colony 
is firm und tuber-tike, growing along a weed stalk. 
The colony is basically a thick, undulating 
cylinder, randomly constricted along tts length to 
partially separate it into short potato-shaped 
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masses from 2 to Sem long and about 2em in 
diameter. The more angular lobes (4) of the 
paratype colony articulate with one another along 
the stalk of a Prura australis. A thin layer of sand 
is on the surface, and also scattered evenly, but 
sparsely, through the firm, gelatinous, internal 
test. Zooids open ull around the surface of thc 
colony and converge toward the centre. 
InteRNAt SinticTuRE: Zooids are relatively 
large, about fem long with a wide thorax. Both 
6-lobed apertures are on the anterior end. Thorax 
and abdomen cach occupy about half the length 
of the zooid. Strong circular muscles surround 
each aperture, Siphons are short. Longitudinal 
muscle bands from each siphon radiate out onto 
the thorax where they exchange libres with one 
another to form a meshwork. They continue on 
to the abdomen as fine bands along its length. 
Five rows ot 35 long rectangular stigmata are on 
each side of the branchial sac. Each cow is crossed 
by 5s parastigmatic vessel; and is interrupted in 
the dorsal mid-line by the large dorsal sinus. 
Transverse branchial vessels continue over the 
dorsal sinus where each is produced into a narrow, 


Fio. 93, Brevicollus tuberatus, ngen., n.sp. (holotype SAM F2059. OAL G H4188). a, colony: b, zoowl: e, larva. 
epidermal vesicles uot shown; d, anterior end of larval trunk, test removed from all but a small section. taking 
vesicles with it, to expose one of the unusual adhesive. organs surrounded by epidermal ampullac. Scales: 
a. lcm: b, Imm; ed, timm. 
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pointed, dorsal languet. Smaller languets occur 
where the parastigmatic vessels cross the dorsal 
sinus. 

The oesophagus is relatively short. The rather 
small, shield-shaped stomach is in the middle one- 
third of the abdomen. It has 8 broad. rounded, 
longitudinal folds in its wall. A long elliptical 
posterior stomach ts in the posterior third of the 
descending limb of the gut loop. The wide rectum 
extends from the pole of the gut loop to ahout 
halfway up the thorax, terminating in a 2-lipped 
anus. Gonads are in the posterior end of the gut 
loop overlapping the pole of the loop on the right 
side. The testis consists of about 25 pyriform 
follicles and the ovary contains up to 4 eggs, onc 
or two larger than the others. The proximal end 
of the male duct runs a complex, convoluted 
course as it leaves the testis, sometimes becoming 
intermingled with the male follicles, then curving 
around onto the outer surface of the ovary before 
it straightens out to run alongside the rectum. It 
opens in the atrial cavity ncar the anus. 

In this colony about 12 large, orange embryos 
are at various stages of development in the right 
peribranchial cavity. The trunk of the tailed larva 
is about 1mm long and is deeper than long. l'he 
oozooid is vertical, with a well formed branchial 
sae and gut loop. The former has 2 rows of 
stigmata. The atrial aperture is directed horizon- 
tally at right angles fo the branchial aperture 
(unlike Eudistoma spp.). There is a large otolith 
and ocellus and the tail is wound completely 
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around the trunk, The almost sessile adhesive 
organs are in a vertical line down the centre of 
the anterior end of the trunk. They consist of a 
deep tulip shaped cup with filamentous lamellae 
in the concavity. Numerous, crowded ectodermal 
ampullae project from the anterior larval epider- 
mis. These, together with masses of tear-drop- 
shaped terminal vesicles attached to thread-like 
extensions of the ectodermal cells of the ampulla, 
obscure the adhesive organs. The whole front and 
ventral mid-line of the trunk has a foamy 
appearance resulting from these ampullae and 
their vesicles. 

Remarks: The larval adhesive organs ol this 
species are in a vertical line, as in Eudistoma and 
Polycitor, hut they are different, lacking the 
central axial cells, Further. the ectodermal 
ampullae are unusual, more numerous and 
crowded than in other species of the Polycitoridae. 
Although the ce1odermal vesicles do occur in 
Eudistoma spp. they are not unique to the 
Polycitoridae, but occur in most other taxa (see 
Annotated Glossary: larvae) and are not indicative 
ol relationships. These factors, together with the 
presence of parastigmatic vessels, a convoluted vas 
delerens, and the large number ol larvae being 
incubated, distinguish the genus and the species 
irom others in this family. 

Polvcitar abeliscus, also from South Australian 
waters. has 6 rows ol stigmata. However it has 
other characters, in addition to the generic ones, 
which distinguish it from the present species. 
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PLATE |: a, Ciona intestinalis (Port Phillip Bay, Vic.). b,c, Rhopalaea crassa, (Heron 1., Qld, thoraces only 
visible, abdomina buried in rubble substrate, rectum, terminating in yellow anus, alongside white vas deferens, 
yellow ocelli around the border of each aperture, stigmata and muscles clearly seen through the transparent 
test and body wall — b, right side; e, dorsum). d, Pseudodiazona claviformis (SAM E1035 Seacliffe SA). 
ejf, Clavelina arafurensis (QM G11988 Exmouth Gulf, WA). 

Photos: a G. Russ; b R. and V. Taylor; d N. Holmes; c,e,f N. Coleman. 
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PLATE 2: a,b,?c, Clavelina australis (a, Port Hacking, NSW; b, Port Stephens, NSW; c, 
specimen looks like C. australis but the species has not been taken from waters north of Moreton Bay. d, 


Clavelina baudinensis (Rottnest L, W.A.). eff, Clavelina cylindrica (e, QM G9482 Sorrento, WA; f, WAM 
758.83 Carnac I., WA). 


Photos: a,e,f N. Coleman; b P. Fredrickson; c R. and V. Taylor; d R. Lethbridge. 


this Great Barrier Reef 
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PLATE 4: a, Clavelina nigra n.sp. (QM G9486 Rottnest L, WA). b, Clavelina oliva n.sp. (QM GH4108 Lizard 
L, Qld). c, Clavelina ostrearium (South Australia). d,e,?f, Clavelina pseudobaudinensis (showing variations 
in the extent of pigment patches — d, QM G10091 Jervis Bay, NSW; e; QM G9484 Portsea, Vic.; ?f, Lord 
Howe I.). g, ?Clavelina robusta n.sp. (Port Hedland, WA). 

Photos: a,e-g N. Coleman; b D. Parry; c R. Kuiter; d P. Fredrickson. 
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PLATE 5: a-c, Nephtheis fascicularis (a, QM GH2093 Martha Ridgeway Reef, Qld; b, QM G9258 Roebuck Bay, 
WA; c, Port Hedland, WA). d, Pycnoclavella arenosa n.sp., (QM GH4360 Erith L, Bass Strait, with yellow 
thoraces projecting through the white sand on the common stalk). e, Pycnoclavella aurantia n.sp. (QM GH2295 
Nuyts Archipelago, SA). f, Pycnoclavella detorta (QM G9488 Wistari Reef, Qld). 

Photos: a E. Lovell; b,c,e,f N. Coleman; d N. Holmes. 
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PLATE 6: a-f, Pycnoclavella diminuta (showing colour variants — a, QM GH1302 in caves Ward L, SA; b, 
Port Hedland, WA; c, Carnac L, WA; d, QM GH4083 Exmouth, W.A.; e, Lord Howe L; f, QM G10162 
Lizard L., Qld). g, Pyenoclavella elongata n.sp. (SAM E1981 Franklin L,-SA). h, Pycnoclavella tabella n.sp. 
(Portsea, Vic.). 

Photos: a R. Kuiter; b-f,h N. Coleman; g N. Holmes. 
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PLATE 7: a=c, Euclavella claviformis n.gen. (a, QM G10152 Port Stephens, NSW; b, Port Stephens NSW; c 
Botany Bay, NSW). d,e, Sigillina australis (d, QM GH944 Great Australian Bight, SA; e, Sorrento, WA). 
f-g, Sigillina cyanea (f, ? NE Qld; g, QM G9479 Rottnest L, WA). 

Photos: a,e,g N. Coleman; b P. Fredrickson; c,d R. Kuiter; f E. Lovell. 


, 
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PLATE 8: a, Sigillina fantasiana (blue colony on Amphibolus Spencer Gulf, SA). b, Sigillina grandissima n.sp. 
(QM GH1305 Topgallant I., SA). c,d, Sigillina signifera (c, Lizard L, Qld; d, QM GH278 Britomart Reef, 
Qld). e, Hypodistoma deerratum (QM G10153 Lizard L, Qld). f-h, Hypodistoma mirabile (f, Golden L, SA; 
g, Perforated I., SA; h, QM GH2379 Ward L, SA). 

Photos: a,b S. Shepherd; c D. Parry; d E. Lovell; e N. Coleman; f,g W.H. Sasse; h N. Holmes. 
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PLATE 9: a, Distaplia australiensis (South Australia). b, Distaplia dubia (QM GH52 Lord Howe 1.). c,d, Distaplia 
florida n.sp. (QM GH4103 Byron Bay, NSW — c, colony relaxed; d, colony contracted). e, Distaplia pallida 
n.sp. (colonies on experimental fouling plate QM G11924 Portsea Pier, Vic.). f,g, Distaplia stylifera (f, Fremantle 
WA; g, QM GH2407 Hotspot, SA). 

Photos: a,g N. Holmes; b-d,f N, Coleman; e G. Russ. 


248 MEMOIRS OF THE QUEENSLAND MUSEUM 


Piate 10: a-c, Distaplia viridis (a,b, QM GH45 Portland, Vic.; c QM GH4159 Golden 1., SA). d-h, Hypsistozoa 
distomoides, showing colour variants (d,e, Flinders I., SA; f, QM GH1280 Ward L, SA; g, QM GH2390 
Hotspot, SA; h, QM GH1297 Ward I., SA). 

Photos: a,b N. Coleman; c,d,g N. Holmes; e,f,h, R. Kuiter. 
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PLATE ll: a,b, Neodistoma mammillatum n.gen. n.sp. (SAM E1984 Seacliffe, SA). c-h, Sycozoa cerebriformis 
(colour variants — c, QM GH2394 Flinders 1., SA; d, Jervis Bay, NSW; e, QM GH2393 Flinders I., SA; 
f, OM GH2284 Nuyts Archipelago, SA; g, detail of colony Port Hacking, NSW; h, well developed colony, 
South Australia). 

Photos: a-c,e,f N. Holmes; d P. Fredrickson; g N. Coleman; h R. Kuiter. 
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PLATE 12. a, Sycozoa murrayi (QM GH4155 the Gap, SA). b, Sycozoa pedunculata (South Australia). c,d, Sycozoa 
pulchra (South Australia). e, Sycozoa sigillinoides (QM G10148 St. Helens, Tas.). f, Stomozoa australiensis 
n.sp. (QM GH2392 Ward I., SA). g, Stomozoa bellissima n.sp. (QM G9267 Exmouth Gulf, WA). 

Photos: a W.H. Sasse; b,c R. Kuiter; d N. Holmes; e,g N. Coleman; f S.A. Shepherd. 
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PLATE 13. a,b, Polycitor calamus n.sp. (a, QM GH4188 Avoid Bay, SA; b, SAM E2057 Flinders I., SA). c, 
Polycitor cerasus n.sp. (SAM E2080 Nuyts Archipelago, SA). d-h, Polycitor giganteus (d, Port Noarlunga, 
SA; e, Port Stephens, NSW; f, Bass Strait; g, South Australia; h, Botany Bay, NSW). i, Polycitor nubilus 
n.sp. (SAM E2079 Flinders I., SA). 

Photos: a W.H. Sasse; b,c,i N. Holmes; d,f,h N. Coleman; e P. Fredrickson; g R. Kuiter. 
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Bis 14. a-d, Cystodytes dellachiajei (a, QM GH2401 West I., SA; b, QM GH2402 West L, SA; c, South 
Australia; d, New South Wales). e, Polycitorella coronaria (QM GH2377 Hotspot, SA). f,g, Polycitorella orientalis 
n.sp. (f, QM G9477 Swain Reefs, Qld, contracted specimens, with conspicuous rudimentary cloacal cavities 

opening to the surface; g, Heron L, Qld, extended specimens, the branchial openings conspicuous and’ the 
atrial apertures in the shaded cloacal depressions in the centre of each system). 

Photos: a,b S. A. Shepherd; c R. Kuiter, d,g P. Fredrickson; e N. Holmes; f N. Coleman. 
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PLATE 15: a, Eudistoma amplum (Heron 1., Qld, with green Prochloron on surface). b, Eudistoma constrictum 
n.sp. (QM GH229! Topgallant I., SA). e, Eudistoma elongatum (Moreton Bay, Qld). d-f, Eudistoma gilboviride 
(d, crowded lobes, OM G11959 Lizard I., Qld; e,f, QM GI1961 Swain Reefs, Qld). 

Photos: a D. Parry; b N. Holmes; c-f N. Coleman. 
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PLATE 16. a-c,?d, Eudistoma maculosum n.sp. (a,b, QM GH2391 Flinders I., SA; c, QM GH4605 Jervis Bay, 
NSW; d, ? E. maculosum South Australia). e,f, Eudistoma reginum n.sp. (Heron I., Qld: e, colony, depressions 
representing rudimentary cloacal cavities can be seen as darker shadows in the naked, red areas; f, larva, 
with red pigment accumulated in vicinity of adhesive organs and in the posterior horns of the haemocoelic 
cavity). g, Eudistoma sabulosum n.sp. (SAM E2084 Ward I., SA). h, Brevicollus tuberatus n.gen. n.sp. (SAM 
E2059 the Gap, SA). 

Photos: a,b N. Holmes; e N. Coleman; d R. Kuiter; e,f D. Parry; g S.A. Shepherd; h W.H. Sasse. 
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Page numbers of taxon descriptions and figures 


appear in bold 
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distomoides, 134 
Amphlicarpa, 165 
Aplidie, 

cerebriforme, 143 

pedunculatum, 147 
Aplidium, 13 

lobatum, 179 

distomoides, 134 

pedunculatum, 147 153 

triggiensis, 8 
Aplousobranchia, 18-20 
Araneum, 21 
Archiascidia, 35 67 

neapolitana, 67 
Archidistoma, 76 162 163 

aggregatum, 163 

richeri, 73 

rubripunctum, 73 
Ascidia, 

canina, 21 

intestinalis, 21 

lepadiformis, 35 

ocellata, 21 

pulchella, 21 

tenella, 21 
Aseidiidae, 13 21 
Atapozoa, 82 

deerrata, 106 

fantasiana, 92 

marshi, 87 89 

mirabilis, 108 
Atopogaster aurantiaca, 159 
Atriolum, 10 19 83 


Botryllinae, 10 

Boirylloides magnicoecus, 10 

Brevicollus, 4 14 16 162 163 236 
tuberatus. 8 236 237-8 254 


Chondrostachys, 35 42 
cylindrica, 42 
macdonaldi, 42 

Ciona, 8 12 13 14 15 16 18 19 20 21 22 26 34 
antarctica, 21 
canina. 21 
diaphanaea, 22 
fascicularis, 22 
gelatinosa, 22 
imperfecta, 21 
indica, 21 24 26 
intestinalis, 20 21-4 239 


intestinalis longissima, 21 34 
intestinalis gelatinosa, 21 34 
ocellata, 21 
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cyclus, 36 54 55 
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240 
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detorta, 71 
diminuta, 73 
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enormis. 36 4] 48 
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Colella, 
claviformis, 34 66 79 
cyanea, 89 
elongata, 205 
incerta, 143 
murrayi, 146 
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draschei, 179 

durus, 179 

fuscus. 182 

hapu. 179 183 

mucosus, 182 183 

perspicuus, 179 

philippinensis, 179 182 

punctaius, 182 183 

violaceus, 179 

violatinctus, 182 


Diazona, 24 25 
gigantea, 157 
violacea, 25 
Diazonidae, 4 6 8 9 12 13 14 15 16 18 19 20 24 
24-5 25 31 33 34 66 83 156 162 
Didemnidae, 4 7 8 9 10 12 13 14 15 17 18 19 20 
83 109 126 
Diplosoma, 16 
macdonaldi, 8 
multipapillata, 8 
Distaplia, 8 10 12 13 14 15 16 17 18 19 81 82 83 
84 109-13 110 126 135 137 156 159 162 178 
183 236 
ausiraliensis, 110 111 112 113-5 120 121 247 
bursata, 114 
capensis, 111 
cerehriforme, 143 
cuscina, 111 112 113 115-6 118 120 122 125 
132 133 
cylindrica, 126 
distomoides, 134 
dubia, 111 112 116-8 122 247 
durbanensis, M1 
fasmeriana, 133 
florida, 13 111 112 118-9 120 125 133 247 
japonica, 116 
magnilarva, 81 127 
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mikropnoa, 111 127 129 
muriella, 110 111 112 119-21 
occidentalis, 8 16 110 
pallida, 111 112 118 119 121-2 122 124 130 
132 133 135 247 
prolifera, 111 112 122-4 130 135 
racemosa, 111 112 113 120 123 124-5 
regina, 111 112 120 123 125 
retinaculata, 15 81 82 111 112 125-6 129 133 
134 135 
skoogi, 111 
smithi. 110 114 
stylifera, 111 112 114 124 125 127-9 130 132 
134 135 247 
systematica, 110 113 124 
tahihuero, 113 116 
tokioka, 111 112 119 122 124 129-30 131 132 
vallii, 110 111 113 114 115 116 
wioletta, 110 111 112 115 121 124 129 
130 130-2 
viridis, 13 111 112 118 119 121 122 125 126 
130 132-3 248 
yezoensis, 125 
Disioma, 
caerulea, 89 
deerratum., 105 106 234 
dellechiajei, 178 179 
laysani, 214 
molle, 220 
parva, 214 
rubrum, 188 
Distomidae. 82 83 
Distomus, 165 
Dumus areniferus, 79 


Ecteinascidia 
crassa, 26 
Jusca, 26 
solida, 26 
Ecteinascidia (? Rhopalopsis) solida. 26 
Enterogona, 4 9 18 
Euclavella, 14 19 34 66 67 79 
claviformis, 17 66 79-80 86 245 
Eucoelium hospiiiolum, 183 
Eudistoma, 6 8 9 10 13 14 15 16 17 19 69 92 100 
101 162 163 178 183 188-94 203 212 222 230 
234 236 238 
album, 214 
amplum, 188 190 192 194-6 222 225 228 253 
anaematum, 190 193 196-7 208 218 224 
angolanum. 191 192 194 197-9 203 225 228 
aureum, 189 193 199-200 226 
bulbatum, 163 191 192 193 200-1 
caeruleum, 89 
carnosum, 16 191 192 198 199 201-3 228 
clarum. 15 162 
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constrictum, 191 [93 203-4 220 229 231 253 

cyanea, 89 

cyaneum, 89 

desciderata, 163 

eboreum, 190 193 205 206 

elongatum, 15 189 193 204 205-6 210 216 231 
253 

fantasiana, 92 

fragum, 193 

gilboviride, 189 192 194 206-8 232 233 253 

glahrum, 193 

glaucum, 162 189 193 194 208-10 217 218 224 
231 

globosum, 189 193 200 204 210-1 218 227 231 

graciluni, 191 193 211-2 216 

incuhitum, 16 162 190 193 194 212-3 

laysani, 15 163 189 193 194 204 206 212 
214-6 253 

loricatum, 193 194 

maculosum. 162 190 193 200 210 216-7 225 
226 231 236 254 

malum, 189 193 196 200 217-8 291 

marianense, 209 217 226 

microlarvum, 191 193 204 218-20 231 

miniacum, 193 

molle, 8 220 

multiperforatum, 193 228 

murrayi, 163 

muscosum, 162 190 193 196 198 208 210 217 
220-2 224 228 232 

vlivaceum, 15 162 208 210 214 

ovatum, 16 191 192 203 204 222-4 225 229 
232233 

parvum, 214 216 

praiulum, 190 193 196 208 223 224 

purpureum, 16 162 190 193 196 208 217 
225-6 232 

pyriforme, 191 192 196 199 200 216 222 
226-7 229 

reginum, 192 198 227 228 254 

renieri, 216 226 

rigidum. 208 209 231 232 

ritteri, 8 

rubrum, 194 

sabulosum, 191 192 204 222 226 229 254 

seginentatum, 149 216 233 

snakabri, 198 

stellatum, 194 

superlatum, 162 170 189 193 210 229-31 

tigrum, 190 193 208 210 217 218 222 231-2 

toealensis, 193 194 216 

tokarac, 194 210 

tumidum, 189 192 232-3 

viride, 100 101 210 

viridis, 100 

vitiatum, 196 


vulgare, 222 
Euherdmania, 6 8 12 13 I4 15 17 19 38 53 67 
81 84 86 98 156 
claviformis, 86 
dentatosiphonis, 156 
digitata, 156 
Euherdmaniinae, 7 9 10 14 15 17 19 30 31 38 79 
Exostoina, 8 9 10 13 20 105 106 162 163 194 
233-4 
tanthinuin, 234-6 


Holozoa, 
cylindrica, 109 
valii, 115 
Holozoidae. 4 8 9 10 12 13 14 15 16 18 19 20 
66 81-4 102 106 
Holozoinae. 82 83 162 
Homoeodistoma longigona, 33 
Hyperiodistoma, 82 162 
llypodistoma, 48 9 10 13 14 17 81 82 83 84 86 
93 100 102 105-6 126 234 236 
deerratum, 82 105 106-8 109 194 246 
tanthinum, 234 236 
mirabile, 82 105 106 108-9 246 
vastum. 15 82 100 105 106 108 109 234 236 
Hypsistozoa, 8 12 13 14 16 17 18 81 82 84 
133-4 135 137 236 
distomoides, 122 129 133 134-5 248 
Jasmeriana, 122 133 135 
obscura, 134 


Leptoborrylloides dubium. 116 
Leptoclinides. 10 83 


Molgula, 8 
Molgulidae. 9 13 


Neodistoma. 10 14 18 82 84 135 236 
mammillatum, 135-7 249 
Nephiheis, 14 19 33 35 60 63 79 
faciformis, 64 
fascicularis, 14 55 63-6 243 
malayensis, 64 
thompsoni. 64 


Oxycorynia, 
arenosa, 69 
fascicularis, 63 
pseudobaudinensis, 58 


Paessleria, 162 
Patridium, 31 
pulvinatum, 3| 33 
Perophoridae, 13 
Phallusia intestinalis, 21 
Phlebobranchia, 4 5 8 9 12 13 14 15 18 19 20 21 
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Pieurogona, 4 
Podoclavella, 35 
australis, 39 44 
cylindrica, 44 5| 
dagysa, 45 
detorta, 71 
fecunda. 47 
meridionalis, 48 57 61 
moluccensis. 51 53 61 63 
ostrearium, 57 
polycitorella, 38 
procera, 48 50 
l'olycarpa, 8 
Polycitor, 8 9 10 13 15 16 25 162 163 165 183 
194 236 238 
amplus, 194 198 199 
angolauus. 197 
aunulus, 15 17 162 164 165 165-7 170 175 
arenacens, 222 
auraniiacus, 159 161 
calamus, 164 165 167-8 175 251 
cerasus, 164 165 168-9 175 251 
circes, 15 17 162 164 165 167 169-70 174 
175 177 
coalitus, 106 194 
crystallinus, 165 177 178 
discalor, 194 196 
emergens, 164 165 170-1 177 
gelatinosa, 169 170 171 
giganteus, 6 164 165 170 171-4 177 178 251 
gilboviridis, 206 
glaucus. 208 
ianthinus, 106 194 233 234 
irregularis, 214 
laysani, 214 
longitubis, 104 
magalhaensis, 203 
niollis, 220 
nubilus. 164 165 174-5 251 
obeliscus, 164 165 174 175 238 
paesslerioides, 197 198 201 203 
renziwadai, 25 169 
scaber, 222 
signiferns, 100 194 
subarboreusis, 164 165 171 175-7 
torosus, 105 234 236 
translpcidus, 16 171 164 165 170 176 177-8 
violaceus, 194 
vitrens, 15 162 
Polvcitor (Eudistoma). 
olivaceum, 214 
paesslerioides, 201 203 
Polvcitorella, 4 8 10 13 15 18 162 163 178 
183-4 204 
coronaria, 183 184-7 188 252 
hospitiolis, 183 


uiariae, 183 184 186 188 
orientalis, 183 137-8 252 
pallida, 184 186 188 
peresi, 184 
setoeusis, 184 
Palvcitoridac, 4 7 8 9 10 12 13 14 17 19 20 66 
69 81 82 83 106 156 162-3 237 
Polycitorinae, 82 83 162 
Polyclinidae, 4 7 8 9 10 12 13 14 15 17 19 20 24 
30 38 66 67 
Polvelinian, 9 15 24 
cyrliudricum, 42 
giganteum, 171 
globosum, 171 
mikropuous, 129 
nigra, 98 
Polydistoma, 4 8 9 10 13 14 81 82 83 84 
101-2 105 109 126 236 
fungiforme. 101 102-3 105 
longitube, 103 104-5 
Palyzoinae, 67 
Prochloron, 16 
Protoliolozoa. 84 
Protopolyctininn, 9 15 24 30 
claviforme, 30 31 
pedunculaunn, 31 
Psammaplidium, 
ovaiuni, 222 
pyriforme, 226 
Psendodiazona, 13 14 19 24 25 30-1 33 
abyssa, 31 
claviformis. 34-3 238 
sabulosa, 30 31 
Pseudodisionta, 15 19 231 
Pvcnoclavella, 7 9 14 15 34 35 38 66 67-9 70 76 
79 163 
arenosa, 38 67 68 69-71 73 76 243 
aurantia, 66 68 69 71 72 73 76 243 
aurilucens, 66 67 69 70 
detoria, V7 67 68 69 71-3 76 243 
diminuia, 67 68 69 71 73-6 77 78 79 244 
elongata, 67 68 69 76-7 244 
kounae, 66 67 69 73 
minuta, 66 69 70 
stanleyi, 66 67 69 71 
tabella, 67 68 69 73 76 77-9 244 
Pycnoclavellidae, 4 6 8 9 10 12 13 14 15 17 18 
19 20 66-7 69 79 81 83 84 86 98 
Pyura, 13 
Pyuridae, 9 13 


Rhopalaea, 12 13 14 18 24 25-6 28 30 
abdominalis, 25 29 
birkelandi, 25 
crassa, 24 25 26-9 30 238 
hartmeyeri, 25 29 
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macrothorax, 26 28 
neapolitana, 25 26 28 30 
nordgaardi, 24 25 26 30 
norvegica, 25 

piru, 25 26 

sagamiana, 26 

tenuis, 13 25 26 29-30 
Rhopalopsis, 26 
birkelandi, 29 

crassa, 26 

defecta, 25 26 28 

fusca, 26 29 
neapolitana, 29 
Ritterella, 10 13 15 24 236 237 
prolifera, 216 


Sigillina, 4 6 7 8 9 10 13 14 15 16 17 19 81 82 83 

84-7 98 100 102 105 108 162 163 203 210 231 

234 236 

australis, 13 82 84 85 86 87 87-9 90 92 96 101 
206 245 

caerulea, 89 92 

coalita, 106 

cyanea, 29 66 85 86 87 89-92 93 96 101 245 

deerrata, 106 

digitata, 86 87 93 96 99 100 

fantasiana, 81 82 84 85 86 87 92-3 99 100 105 
162 231 246 

grandissima, 12 15 16 81 84 85 86 87 89 93-6 
101 170 246 

magalhaensis, 198 201 203 

mjobergi, 4 8 13 17 19 81 84 85 86 87 96-8 

mobiusi, 86 87 

nigra, 84 85 86 87 93 98-100 162 231 

psammophorus, 86 87 

signifera, 85 86 87 89 96 100-1 167 194 210 
246 

vasta, 234 
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Stomozoa, 35 156 157 
australiensis, 157-9 161 250 
bellissima, 159-61 250 
murrayi, 157 
roseola, 156 157 159 
Stomozoidae, 4 8 9 10 13 14 16 19 20 35 156-7 
162 
Styelidae, 9 13 
Sycozoa, 6 8 9 10 12 13 14 15 16 17 19 81 82 
83 84 110 137-40 162 
anomala, 13 137 138 140 143 
arborescens, 139 140 153 
brevicauda, 16 137 138 140-2 146 152 
cavernosa, 138 139 140 142-3 149 155 156 
cerebriformis, 82 137 138 139 143-6 152 249 
gaimardi, 140 
georgiana, 139 140 
kanzasi, 139 140 152 
mirabilis, 140 143 
murrayi, 138 140 146-7 156 250 
pedunculata, 138 139 140 147-9 152 153 155 
156 250 
perrieri, 155 
pulchra, 2 16 137 138 139 140 142 147 149 
149-52 153 155 156 250 
quoyi, 153 
sedens, 100 
seiziwadai, 138 139 140 146 147 152 152-3 154 
sigillinoides, 137 138 139 140 146 147 149 152 
153-6 
tasmanoides, 146 
tenuicaulis, 149 
umbellata, 153 
Synclavella, 35 61 
australis, 39 58 
lessoni, 58 
Syndiazona, 24 25 
chinensis, 25 26 30 


Sigillina ( Paessleria), 201 203 

Sigillina ( Polycitor), 106 

Stereoclavella, 35 Tethyum sociabile, 21 
australis, 39 Tetrazona, 162 

Stolidobranchia, 4 5 6 8 9 10 12 13 14 15 18 19 Tylobranchion, 24 25 30 31 
20 67 speciosum, 33 


